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221694US - 

IN THE UNITED STATES PATENT & TRADEMARK OFFICE 
IN RE APPLICATION OF: : 
TOMOHIRO ONDA ET AL. : 

SERIAL NO: 10/089,097 : ATTN: APPLICATION BRANCH 

FILED: APRIL 12, 2002 : 

FOR: BODY FAT MEASURING METHOD 
AND DEVICE 

PRELIMINARY AMENDMENT 

ASSISTANT COMMISSIONER FOR PATENTS 
WASHINGTON, D.C. 20231 

SIR: 

Prior to a first examination on the merits, please amend the above-identified 
application as follows: 



IN THE CLAIMS 
Please amend the claims to read as follows: 1 

6. (Amended) The body fat measuring method of claim 4, including: 

a step of measuring a second voltage generated when a current is passed between two 
current electrodes arranged on the circumference of the subject, the distance between the two 
current electrodes being sufficiently shorter than a circumferential length of the subject; and 

a step of correcting the spatial potential gradient according to the second voltage and 
computing a fat quantity of the subject according to the corrected spatial potential gradient. 

7. (Amended) The body fat measuring method of claim 4, wherein the fat quantity is 
a visceral fat quantity. 

1 A marked-up copy of the claim amendments is attached hereto. 



1 1 . (Amended) The body fat measuring method of claim 9, wherein the cross- 
sectional area of the body fat is the sum of cross-sectional areas of subcutaneous fat and 
visceral fat. 

14. (Amended) The body fat measuring method according to claim 12, wherein the 
fat quantity is the sum of subcutaneous and visceral fat quantities. 

15. (Amended) The body fat measuring method according to claim 12, wherein the 
characteristic quantity representing the size of the subject is a width or circumferential length 
of the subject. 

21 . (Amended) The body fat measuring method according to claim 1 9, wherein the 
third and fourth current electrodes are arranged at or around the position of the first or second 
current electrode. 

Please add new Claims 33-40 as follows: 

33. (New) The body fat measuring method of claim 5, including: 

a step of measuring a second voltage generated when a current is passed between two 
current electrodes arranged on the circumference of the subject, the distance between the two 
current electrodes being sufficiently shorter than a circumferential length of the subject; and 

a step of correcting the spatial potential gradient according to the second voltage and 
computing a fat quantity of the subject according to the corrected spatial potential gradient. 

34. (New) The body fat measuring method of claim 5, wherein the fat quantity is a 
visceral fat quantity. 

35. (New) The body fat measuring method of claim 33, wherein the fat quantity is a 
visceral fat quantity. 

36. (New) The body fat measuring method of claim 10, wherein the cross-sectional 
area of the body fat is the sum of cross-sectional areas of subcutaneous fat and visceral fat. 
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37. (New) The body fat measuring method according to claim 13, wherein the fat 
quantity is the sum of subcutaneous and visceral fat quantities. 

38. (New) The body fat measuring method according to claim 12, wherein the 
characteristic quantity representing the size of the subject is a width or circumferential length 
of the subject. 

39. (New) The body fat measuring method according to claim 37, wherein the 
characteristic quantity representing the size of the subject is a width or circumferential length 
of the subject. 

40. (New) The body fat measuring method according to claim 20, wherein the third 
and fourth current electrodes are arranged at or around the position of the first or second 
current electrode. 

REMARKS 

Favorable consideration of this application, as presently amended, is respectfully 
requested. 

The present preliminary amendment is submitted to cancel the multiple dependencies 
in the original claims. Further, subject matter of the cancelled multiple dependencies is now 
set forth in new dependent Claims 33-40. 
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The present application is believed to be in condition for a full and thorough 
examination on the merits. An early and favorable consideration of the present application is 
hereby respectfully requested. 

Respectfully submitted, 

OBLON, SPIVAK, McCLELLAND, 
MAIER & NEUSTADT, P.C. 
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Gregory J. Maier 
Registration No. 25,599 
Attorney of Record 
Surinder Sachar 
Registration No. 34,423 
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221694US 

Marked-Up Copy 

Serial No: 

/o/osf,e?7 

Amendment Filed on: 



IN THE CLAIMS 
Please amend the claims to read as follows: 

-6. (Amended) The body fat measuring method of [any one-of claims 4 and 5] claim 
4, including: 

a step of measuring a second voltage generated when a current is passed between two 
current electrodes arranged on the circumference of the subject, the distance between the two 
current electrodes being sufficiently shorter than a circumferential length of the subject; and 

a step of correcting the spatial potential gradient according to the second voltage and 
computing a fat quantity of the subject according to the corrected spatial potential gradient. 

7. (Amended) The body fat measuring method of [any one of claims 4 and 5] claim 
4, wherein the fat quantity is a visceral fat quantity. 

1 1 . (Amended) The body fat measuring method of [any one of claims 9 and 10] 
claim 9, wherein the cross-sectional area of the body fat is the sum of cross-sectional areas of 
subcutaneous fat and visceral fat. 

14. (Amended) The body fat measuring method according to [any one of claims 12 
and 13] claim 12 , wherein the fat quantity is the sum of subcutaneous and visceral fat 
quantities. 
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15. (Amended) The body fat measuring method according to [any one of claims 12 
and 13] claim 12 . wherein the characteristic quantity representing the size of the subject is a 
width or circumferential length of the subject. 

21. (Amended) The body fat measuring method according to [any one of claims 19 
and 20] claim 19 , wherein the third and fourth current electrodes are arranged at or around 
the position of the first or second current electrode. 

Claims 33-40 (New).- 
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DESCRIPTION 

TITLE OF INVENTION 

BODY FAT MEASURING METHOD AND DEVICE THEREFOR 

5 

TECHNICAL FIELD 

The present invention relates to a method of and an apparatus for easily and 
accurately measuring layered subcutaneous fat and visceral fat in a human body. 

1 0 BACKGROUND ART 

An impedance CT system utilizes the fact that media have individual electric 
impedance values, to find spatial media distributions in a three-dimensional object. The 
impedance CT system passes a current through an object, measures a potential distribution 
induced at the surface of the object, and visualizes an impedance distribution in the object 

15 according to the potential distribution. The system is applicable to measuring the 
distributions of blood, lungs, fat, etc., in a human body ("BME" Vol. 8, No. 8 (1994), p. 49, 
Japanese Society for Medical and Biological Engineering). 

In addition to the impedance CT system, there are other apparatuses that measure 
electric impedance values and find subcutaneous and visceral fat quantities. An example 

20 of such apparatuses is "Body Fat Measuring Apparatus" disclosed in Japanese Patent Laid 
Open Publication No. 11-113870 (first prior art). Another example is "Internal Fat 
Measuring Instrument" disclosed in Japanese Patent Laid Open Publication No. 11-123182 
(second prior art). The first prior art attaches a plurality of electrodes to the surface of a 
body, measures impedance values between the electrodes, and creates an impedance matrix 

25 for a cross section of the body. Thereafter, an operation unit calculates the product of the 
impedance matrix and a coefficient matrix prepared from information on the electrode 
attached parts of the body entered through an input unit, and provides a cross-sectional body 
fat distribution. The second prior art winds a belt around the body of a subject. The inner 
side of the belt is provided with electrode pairs each consisting of a current path forming 

30 electrode and measuring electrode. The electrode pairs are arranged substantially at 
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regular intervals. Two electrode pairs are chosen, and an AC current is passed between the 
current path forming electrodes of the chosen electrode pairs, to form a current path. The 
measuring electrodes measure an impedance value in the current path. The two electrode 
pairs are properly chosen so that adjacent electrodes may mainly measure subcutaneous fat 
5 and opposing electrodes may mainly measure visceral fat. 

DISCLOSURE OF INVENTION 

The impedance CT system involves an insufficient spatial resolution when 
estimating an internal fat distribution, and therefore, is insufficient to correctly calculate a 

10 body fat quantity. In addition, the system must carry out many numerical operations to 
find a body fat quantity. 

The first prior art shows no concrete description how to form a coefficient matrix 
for electrode attached parts and how to create a cross sectional body fat distribution image 
from the product of impedance and coefficient matrixes. 

1 5 The second prior art may measure a subcutaneous fat quantity at a measurement 

location on a human body. The measured fat quantity, however, includes the influence of 
the quantities and distributions of other media in the body, and therefore, is inaccurate. In 
addition, the second prior art is incapable of correctly measuring visceral fat of a human 
body due to the strong influence of layered subcutaneous fat in the body. 

20 The present invention provides a body fat measuring method capable of easily and 

correctly measuring the quantity, such as thickness or cross-sectional area, of layered 
subcutaneous fat as well as the quantity of visceral fat in a human body. Also provided is 
an apparatus for achieving the method. 

25 BEST MODE FOR CARRYING OUT THE INVENTION 

A body fat measuring method according to the present invention includes a step of 
passing a current between two current electrodes arranged on a circumference of a subject, a 
distance between the electrodes being sufficiently shorter than a circumferential length of 
the subject, a step of measuring a first voltage generated between a first measuring electrode 

30 arranged adjacent to one of the two current electrodes and a second measuring electrode 



arranged substantially opposite to the two current electrodes across the subject, and a step of 
computing a subcutaneous fat quantity of the subject according to the first voltage. 

The present invention includes a step of passing a current between two current 
electrodes arranged on a circumference of a subject substantially opposite to each other 
across the subject, a step of measuring a spatial potential gradient occurring on the 
circumference of the subject substantially at an intermediate position between the two 
current electrodes, and a step of computing a visceral fat quantity of the subject according to 
the spatial potential gradient. 

The present invention also includes a step of passing a current between two current 
electrodes arranged on a circumference of a subject substantially opposite to each other 
across the subject, a step of measuring a voltage generated between two measuring 
electrodes that are each aiTanged adjacent to the two current electrodes, and a step of 
multiplying the voltage by a power of a characteristic quantity representing the size of the 
subject and computing the sum of subcutaneous and visceral fat quantities of the subject 
according to the product. 

According to the present invention, "visceral fat quantity" collectively indicates the 
quantity of fat present inside a subject. That is, it indicates the quantity of visceral fat 
existing around internal organs of a subject and the quantity of general internal fat such as 
liver fat. 

BRIEF DESCRIPTION OF DRAWINGS 

Figure 1 shows a body fat measuring apparatus according to a first embodiment 
based on a first aspect; 

Fig. 2 shows a potential distribution on the circumference of a human body when a 
current is passed between current electrodes; 

Fig. 3 shows a correlation between subcutaneous fat thickness and voltage; 

Fig. 4 shows relationships among electrode-to-electrode distance, subcutaneous fat 
thickness, and voltage; 

Fig. 5 shows another example of a body fat measuring apparatus according to the 
first embodiment based on the first aspect; 
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Fig. 6 shows a body fat measuring apparatus according to a second embodiment 
based on the first aspect; 

Figs. 7 A and 7B show a body fat measuring apparatus according to a third 
embodiment based on the first aspect; 
5 Fig. 8 shows a body fat measuring apparatus according to a fourth embodiment 

based on the first aspect; 

Fig. 9 shows computation of a tomographic image of subcutaneous fat in a human 

body; 

Fig. 10 shows a body fat measuring apparatus according to a first embodiment 
1 0 based on a second aspect; 

Fig. 1 1 shows another example of a body fat measuring apparatus according to the 
first embodiment based on the second aspect; 

Fig. 12 shows another example of a body fat measuring apparatus according to the 
first embodiment based on the second aspect; 
1 5 Fig. 1 3 shows a potential distribution on the circumference of a human body when 

a current is passed between current electrodes; 

Fig. 14 shows a correlation between visceral fat quantity and spatial potential 

gradient; 

Fig. 1 5 shows the longitudinal and lateral widths of a human body as examples of 
20 characteristic quantities representing the size of the human body; 

Fig. 16 shows a body fat measuring apparatus according to a second embodiment 
based on the second aspect; 

Fig. 1 7 shows the locations of measuring electrodes each expressed with a distance 
from a point on a human body to the center of the measuring electrode; 
25 Fig. 18 shows a correlation between normalized distance and spatial potential 

gradient; 

Fig. 19 shows a body fat measuring apparatus according to a third embodiment 
based on the second aspect; 

Fig. 20 shows a body fat measuring apparatus according to a fourth embodiment 
30 based on the second aspect; 
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Figs. 21 A and 21 B show a body fat measuring apparatus according to a fifth 
embodiment based on the second aspect; 

Figs. 22A and 22B show a body fat measuring apparatus according to a sixth 
embodiment based on the second aspect; 
5 Figs. 23 A and 23B show another example of a body fat measuring apparatus 

according to the sixth embodiment based on the second aspect; 

Fig. 24 shows a body fat measuring apparatus according to a first embodiment 
based on a third aspect; 

Fig. 25 shows another example of a body fat measuring apparatus according to the 
10 first embodiment based on the third aspect; 

Fig. 26 shows another example of a body fat measuring apparatus according to the 
first embodiment based on the third aspect; 

Fig. 27 shows a body fat measuring apparatus according to a second embodiment 
based on the third aspect; and 
1 5 Fig. 28 shows a body fat measuring apparatus according to a fifth embodiment 

based on the third aspect. 

BEST MODE OF IMPLEMENTATION 

Preferred embodiments of the present invention will be explained in detail with 
20 reference to the accompanying drawings. 

First Aspect 

A method of and an apparatus for measuring body fat according to the first aspect 
of the present invention measure the quantity, such as thickness or cross-sectional area, of 
25 layered subcutaneous fat in a human body. 

Figure 1 shows a body fat measuring apparatus according to a first embodiment 
based on the first aspect. The apparatus has two current electrodes 2 and 3 that are 
arranged on a circumference of, for example, the body of a subject (human) 1, a distance 
between the electrodes being sufficiently shorter than a circumferential length of the subject 
30 1 , a current source 4 to supply a current between the electrodes 2 and 3, a first measuring 



eieclrode 5 arranged adjacent to the electrode 2, a second measuring electrode 11 arranged 
substantially opposite to the electrodes 2 and 3 across the subject 1, a voltmeter 7 to measure 
a voltage generated between the electrodes 5 and 11, and a body fat computing unit 25 to 
compute the thickness of layered subcutaneous fat 8 of the subject 1 according to the voltage 
5 measured with the voltmeter 7. The subject 1 has the subcutaneous fat 8, a nonfat part 9, 
whose impedance differs from that of the subcutaneous fat 8, and visceral fat 10, whose 
impedance differs from that of the nonfat part 9. The body fat computing unit 25 may be a 
computer. 

A body fat measuring method using the apparatus will be explained. The current 
10 source 4 passes a current between the electrodes 2 and 3 that are arranged on a 
circumferential surface of the subject 1. The distance between the electrodes 2 and 3 is 
sufficiently shorter than the circumferential length of the subject 1. The voltmeter 7 
measures a voltage generated between the first and second measuring electrodes 5 and 1 1 . 
The electrode 5 is arranged close to the electrode 2, and the electrode 1 1 is arranged opposite 
15 to the electrodes 2 and 3 across the subject 1. The computing unit 25 computes the 
thickness of the layered subcutaneous fat 8 of the subject 1 according to the measured 
voltage. 

Figure 2 roughly shows a distribution of potential (instantaneous values) induced 
on the circumference of the subject 1 in response to the current passed between the 

20 electrodes 2 and 3. Around the electrode 11, a spatial potential change is small, and 
therefore, the voltage V measured with the voltmeter 7 is stable even if the position of the 
electrode 11 is slightly shifted. The voltage Vis substantially free from the quantities and 
distributions of the nonfat part 9 and visceral fat 10 in the subject 1, and therefore, it is 
possible to easily and precisely measure the thickness of the subcutaneous fat 8 around the 

25 electrodes 2, 3, and 5. Typically, the voltage K reflects the thickness d of the subcutaneous 
fat 8 substantially at an intermediate position between the current electrode 2 and the first 
measuring electrode 5. 

The current source 4 may be of any one of DC and AC. If the current source 4 is 
an AC current source, a phase delay may simultaneously be measured when the voltmeter 7 

30 measures a voltage (amplitude or effective value) and thereby the measured phase delay is 
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usable to analyze data. When measuring a human body, AC is easier to handle and the 
frequency of the AC current source may be 10 kHz to 500 kHz, preferably 50 kHz to 200 
kHz, and a current value may be 0.3 mA to 3 mA. 

To compute the thickness d of the subcutaneous fat 8 around the electrodes 2, 3, 

5 and 5, it is necessary to prepare a correlation expression to correlate a voltage V(ox complex 
voltage) with the thickness d of the subcutaneous fat 8. To prepare such a correlation 
expression, a plurality of samples consisting of the same media and having different 
thicknesses d must be examined. Based on the samples, a correlation expression is 
prepared to correlate a voltage V measured according to the method of Fig. 1 with an actual 

1 0 thickness d. When measuring voltages V on the samples, the same current or different 
currents are applied to the samples. When different currents are used, measured voltages 
must be normalized based on one current. To measure actual thicknesses d on the samples, 
an X-ray CT system or an MRI system may provide tomographic images of the samples, 
and based on the images, subcutaneous fat thicknesses of the samples can be estimated. If 

1 5 the samples are not human bodies, they may be mechanically sliced to directly measure their 
thicknesses. The samples may have known internal structures. The correlation 
expression to correlate a voltage V (or complex voltage) with the thickness d of the 
subcutaneous fat 8 may be found from numerical calculations by solving electric conduction 
• equations by computer. The correlation expression is dependent on the surface curvature 

20 of the subject 1 and an interface structure between the subcutaneous fat 8 and the nonfat part 
9, and therefore, differs depending on the part (navel area, flank, back, and the like) where 
the thickness of the subcutaneous fat 8 is measured. When measuring subcutaneous fat 
thicknesses at different locations on the subject 1, it is preferable to prepare a correlation 
expression for each of the locations. 

25 The thickness d of the subcutaneous fat 8 may be expressed in an absolute value or 

a ratio (relative value) with respect to a length reflecting a cross-sectional length of the 
subject 1, such as a circumferential length U of the subject 1. From among them, an 
optimum one is chosen. 

Figure 3 shows an example of a correlation between voltage V and the thicknesses 

30 d of the subcutaneous fat 8. In Fig. 3, crosses represent data points concerning samples 
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prepared for making a correlation expression, and a dotted curve indicates the correlation 
expression formed by properly tracing the data points. As the thickness d of subcutaneous 
fat increases, the voltage V converges to a value V8 reflecting the impedance of the 
subcutaneous fat 8. As the thickness d decreases, the voltage V converges to a value V9 

5 reflecting the impedance of the nonfat part 9. This correlation may be approximated by an 
analytic function, e.g., a hyperbolic tangent function (y = tank x). The correlation 
expression to correlate a voltage V with a thickness d may be approximated by a 
multivariate analysis, e.g., a linear polynomial involving the voltage V. If the thickness d is 
an absolute thickness of the subcutaneous fat 8, it will be expressed as, for example, d = aO 

10 + a I - V • U + a2 • U + a3 / U, where a0, a/, a2, and a3 are regression coefficients and U is 
a circumferential length of the subject 1. If the thickness d is a relative value 
corresponding to the thickness of the subcutaneous fat 8, the correlation expression is, for 
example, d = aO + al - V + a2 / U + a3 / U 2 . In Fig. 3, the impedance of the subcutaneous 
fat 8 is greater than that of the nonfat part 9, and the voltage V is an increasing function of 

15 the thickness d. Once the correlation expression is prepared, the subcutaneous fat 
thickness of a sample composed of the same media is calculable by passing a current 
between the electrodes 2 and 3 and solving the correlation expression according to a voltage 
measured with the voltmeter 7. 

The distance between the current electrodes 2 and 3 is preferably less than 1/6, 

20 more preferably, 1/8 of the circumferential length of the subject 1. If the distance between 
the electrodes 2 and 3 is too large, a current supplied between them will flow deeply inside 
the subject 1 . Then, a measured voltage V is affected by the distributions and quantities of 
the nonfat part 9 and visceral fat 10. If the distance between the electrodes 2 and 3 is too 
small, measuring sensitivity will deteriorate on samples having thick subcutaneous fat 8, and 

25 the measured voltage V will be affected by the shapes and sizes of the electrodes. 

The distance between the measuring electrode 5 and the current electrode 2 must 
be in a proper range. If the distance is too large, the distributions and quantities of the 
nonfat part 9 and visceral fat 10 will affect a measured voltage V. In addition, measuring 
sensitivity deteriorates on samples having thin subcutaneous fat, as shown in Fig. 4. If the 

30 distance is too small, measuring sensitivity deteriorates on samples having thick 



subcutaneous fat, as shown in Fig. 4. In addition, the shapes and sizes of the electrodes 
and contact states between the electrodes and the subject 1 affect a measured voltage V. 
The distance between the measuring electrode 5 and the current electrode 2 is preferably 0.5 
to 3 times an average thickness of the subcutaneous fat of a sample. If the thickness of the 
5 subcutaneous fat 8 is 1 to 4 cm, the distance (center-to-center distance) between the current 
electrodes is preferably 1 cm to 15 cm, more preferably, 2 cm to 10 cm. The distance 
(center-to-center distance) between the current electrode 2 and the adjacent measuring 
electrode 5 is preferably 0.6 cm to 10 cm, more preferably, 1 cm to 6 cm. The shapes of 
the electrodes are, for example, disks or rectangles. If disk electrodes are employed, they 

1 0 may have a diameter of 0.6 cm to 3.5 cm, preferably, 1.5 cm to 2.5 cm. 

When measuring samples for preparing the correlation expression or when 
measuring a sample having an unknown thickness d, it is convenient to vary the distance 
between the current electrodes and the distance between the current electrodes and the 
measuring electrode in proportion to the circumferential length of a sample, or fix the 

1 5 electrode-to-electrode distances to the optimum values mentioned above without regard to 
the circumferential lengths of samples. If the samples have a wide variety of thicknesses d 
ranging from thin to thick and if it is unable to measure the thicknesses with the fixed 
electrode-to-electrode distances, a plurality of measuring systems having individual 
electrode-to-electrode distances are prepared and properly used depending on the thickness 

20 of a sample. 

An apparatus of Fig. 5 may be added to the apparatus of Fig. 1, to improve 
compilation accuracy of the thickness d of the subcutaneous fat 8. In Fig. 5, electrodes are 
arranged substantially symmetrically to those of Fig. 1 relative to a measuring point (an 
intermediate point between the electrodes 2 and 5) of the thickness d of the subcutaneous fat 

25 8. Like the apparatus of Fig. 1, the apparatus of Fig. 5 employs a voltmeter 7 to measure a 
voltage V*, which also reflects the thickness d of the subcutaneous fat 8. An average of the 
voltage and the voltage V measured with the apparatus of Fig. 1 is calculated, and a 
correlation expression to correlate the average voltage with the thickness d of the 
subcutaneous fat 8 is prepared. Then, such an average voltage is usable to precisely 

30 calculate the thickness d of the subcutaneous fat 8. 
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The second embodiment will be explained. A body fat measuring apparatus 
according to the second embodiment based on the first aspect is formed by adding an 
apparatus of Fig. 6 to the apparatus of Fig. 1 . The apparatus of Fig. 6 has two current 
electrodes 2 and 12 arranged substantially opposite to each other across the subject 1, a 
5 current source 4, measuring electrodes 13 and 14 arranged on the circumferential surface of 
the subject 1 substantially at an intermediate position between the electrodes 2 and 12, a 
voltmeter 15 to measure a voltage generated between the measuring electrodes 13 and 14, 
and a body fat computing unit 25 to correct the voltage measured with the voltmeter 7 of Fig. 
1 according to the voltage measured with the voltmeter 15 and compute the thickness of the 

1 0 subcutaneous fat 8 according to the corrected voltage. 

A body fat measuring method will be explained. In the apparatus of Fig. 1, the 
current source 4 passes a current between the electrodes 2 and 3, and the voltmeter 7 
measures a first voltage generated between the first measuring electrode 5 arranged adjacent 
to the electrode 2 and the second measuring electrode 1 1 arranged substantially opposite to 

1 5 the current electrodes 2 and 3 across the subject 1 . 

In the apparatus of Fig. 6, the current source 4 passes a current between the 
electrodes 2 and 12. The voltmeter 15 measures a second voltage generated between the 
electrodes 13 and 14. The body fat computing unit 25 uses the second voltage measured 
with the voltmeter 15 to correct the first voltage measured with the voltmeter 7 and 

20 computes the thickness of the subcutaneous fat 8 according to the corrected voltage. 

The first voltage V measured with the voltmeter 7 slightly involves the influence of 
the distributions and quantities of the nonfat part 9 and visceral fat 10 in the subject 1. This 
influence is removable by using the second voltage (impedance) V measured in another 
current path made by the electrodes 2 and 12. This improves the measuring accuracy of 

25 the thickness of the subcutaneous fat 8. 

The correction with the second voltage is made according to a correlation 
expression. A better correlation expression may be prepared by applying V + a'V to the 
ordinate of Fig. 3 and by selecting an optimum value for the coefficient a'. Alternatively, 
the correlation expression may be approximated by a linear polynomial based on a 

30 multivariate analysis. If the thickness d of the subcutaneous fat 8 is an absolute value, 
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regression coefficients aO, al, a2, a3, and a4, the circumferential length U of the subject 1, 
and the distance L between the measuring electrodes 13 and 14 are used to express the 
thickness as, for example, d = aO + al ■ V • U + a2 • (V - U/L) • U + a3 U + a4 / U. If 
the thickness d of the subcutaneous fat 8 is a relative value, the thickness is expressed as, for 
5 example, d = aO + al < V + a2 - V • U / L + a3 / U + a4 / if \ Such a correlation 
expression is useful to precisely measure the thickness d of subcutaneous fat of a sample on 
the basis of voltages Kand V measured on the sample. 

The apparatus of Fig. 5 may be added to the apparatuses of Figs. 1 and 6, to further 
improve the measuring accuracy of the thickness d of the subcutaneous fat 8. That is, the 

1 0 voltage V measured with the apparatus of Fig. 1 and the voltage F* measured with the 
apparatus of Fig. 5 are averaged, and the average is corrected according to the voltage V 
measured with the apparatus of Fig. 6, to compute the thickness d of the subcutaneous fat 8. 
In this case, the ordinate of Fig. 3 is (V+ V*) I 2 + a' - V and an optimum value is selected 
for the coefficient a'. Alternatively, V\s replaced with (F+ V*) I 2 in the above-mentioned 

1 5 correlation expression. 

The third embodiment will be explained. A body fat measuring apparatus 
according to the third embodiment consists of a measuring apparatus of Fig. 7 A and a 
measuring apparatus of Fig. 7B. The apparatus of Fig. 7A has two current electrodes 2 and 
3 that are arranged on a subject 1, a distance between the electrodes being sufficiently 

20 shorter than a circumferential length of the subject 1, a current source 4, measuring 
electrodes 5 and 6 arranged adjacent to the electrodes 2 and 3, a voltmeter 7 to measure a 
voltage generated between the electrodes 5 and 6, and a body fat computing unit 25 to 
receive the measured voltage. The measuring apparatus of Fig. 7B is the same as that of 
Fig. 6, and therefore, an explanation thereof is omitted. The conditions of the first 

25 embodiment including the technique of preparing a correlation expression to correlate a 
voltage with a thickness, the distance between the current electrodes, and the distances 
between the current electrodes and the measuring electrodes are applied to the third 
embodiment. 

A body fat measuring method will be explained. In the measuring apparatus of 
30 Fig. 7A, the current source 4 passes a current between the electrodes 2 and 3. The 
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voltmeter 7 measures a first voltage generated between the measuring electrodes 5 and 6. 

In the measuring apparatus of Fig. 7B, the current source 4 passes a current 
between the current electrodes 2 and 12. The voltmeter 15 measures a second voltage 
generated between the measuring electrodes 13 and 14. The body fat computing unit 25 
5 uses the second voltage measured with the voltmeter 1 5 to correct the first voltage measured 
with the voltmeter 7, and according to the corrected voltage, computes the thickness of 
subcutaneous fat 8 around the electrodes 2, 3, 5, and 6. The correction of the first voltage 
based on the second voltage is carried out like the second embodiment. A correlation 
expression like that of the second embodiment is prepared to find a subcutaneous fat 

1 0 quantity according to the corrected voltage. 

The fourth embodiment will be explained. Figure 8 shows a body fat measuring 
apparatus according to the fourth embodiment. This apparatus sequentially passes currents 
in a plurality of directions and automatically measures the thickness of subcutaneous fat 8 of 
a subject 1 at a plurality of points along a circumference of the subject 1. In Fig. 8, a 

15 plurality of electrodes 26a to 26h are arranged on a circumference of the subject 1. The 
electrodes 26a to 26h are connected to a current electrode selector 27 and a voltage electrode 
selector 28. 

A data input unit 33 enters electrode select data, which is transferred to the current 
electrode selector 27 according to an instruction from a computer 35. The current 

20 electrode selector 27 selects two of the electrodes 26a to 26h as current electrodes in 
operation. The output of an AC oscillator 29 is converted by a current/voltage converter 30, 
to supply a predetermined current between the current electrodes. 

According to an instruction from the computer 35, the voltage electrode selector 28 
selects measuring electrodes from among the remaining electrodes. A voltage generated 

25 between the measuring electrodes is fetched by the computer 35 through a differential 
amplifier 31 and an A/D converter 32. The above operations are repeated by sequentially 
selecting current electrodes and measuring electrodes according to instructions from the 
computer 35. The voltage data fetched by the computer 35 is converted into a voltage to 
be generated when a reference current is supplied. The converted voltage is applied to a 

30 correlation expression that is entered through the data input unit 33 and expresses a 
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correlation between a voltage and a subcutaneous fat thickness d. The thickness d of the 
subcutaneous fat 8 is computed on the basis of the correlation expression, and is transferred 
from the computer 35 to a data output unit 34, which displays the thickness. 

Current electrodes are sequentially selected from among the electrodes 26a to 26h 

5 to provide, for example, the arrangement of current electrodes and measuring electrodes of 
Fig. 1 to precisely measure the thicknesses of the subcutaneous fat 8 at a plurality of 
locations along a circumference of the subject 1 . The thicknesses of the subcutaneous fat 8 
measured at a plurality of points along a circumference of the subject 1 may be combined 
with circumferential profile data of the subject 1 separately measured, to provide a rough 

10 tomographic image of the subcutaneous fat 8. Figure 9 shows an example of a 
tomographic image of the subcutaneous fat 8 made from thicknesses dl to d9 measured at 
nine points along a circumference of the subject 1 . 

The computer 35 may provide a cross-sectional area S of the subcutaneous fat 8 on 
a given section of the subject 1. To achieve this, a correlation expression to correlate 

1 5 voltages V with a cross-sectional area S is prepared. Measuring a voltage at a single point , 
e.g. at a flank, on the subject 1 may enable the cross-sectional area S to be roughly 
calculated. It is preferable to measure voltages VI to Vn at n points along the 
circumference of a given section of the subject 1 and prepare a correlation expression to 
correlate the measured voltages with a cross-sectional area S of the subcutaneous fat 8. A 

20 circumferential length U along the cross section of the subject 1 may separately be measured 
and included in the correlation expression to improve the accuracy of the expression. 

The correlation expression to correlate voltages (VI to Vn) with a cross-sectional 
area S may be prepared like that to correlate a voltage V with a subcutaneous fat thickness d. 
The cross-sectional area S of subcutaneous fat 8 of a sample may be obtained by an X-ray 

25 CT system or an MRI system. If the sample is not a human body, it may be mechanically 
sliced to directly measure the cross-sectional area of the subcutaneous fat. The correlation 
expression may be approximated by a multivariate analysis, e.g., a linear polynomial. If 
the quantity S is the ratio (relative value) of the cross-sectional area of the subcutaneous fat 8 
to the total cross-sectional area of the subject 1, the correlation expression is, for example, S 

30 = a0 + al ■ VI + a2 • V2 + ... + an • Vn, where aO, al, a2 } and an are regression 
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coefficients. If the circumferential length U is included, the con-elation expression is, for 
example, S = aO + al - VI + a2 - V2 + ... + an - Vn + bl /U + b2/lf, where bl and 62 are 
regression coefficients. If the quantity S is an absolute cross-sectional area of the 
subcutaneous fat 8, the correlation expression is, for example, S = aO + (al - VI + a2 < V2 
5 + ... + an - Vn) - if + bl - U + b2 - if . These correlation expressions make it possible to 
compute the cross-sectional area S of subcutaneous fat of a sample according to a set of 
voltages (VI to Vn), or a set of voltages and a circumferential length (VI to Vn and U) 
measured on the sample. 

It is possible to find a volume B of the subcutaneous fat 8. In this case, voltages 

10 VI to Vn (n being a natural number) are measured at a plurality of points on the subject 1, 
and a correlation expression is prepared to correlate the measured voltages with the volume 
B of the subcutaneous fat 8. The circumferential length and/or weight BO and/or a 
weight-height ratio of the subject 1 are separately measured, and they may be included in the 
correlation expression to improve the accuracy of the expression. The volume of the 

1 5 subcutaneous fat 8 is, for example, that of the body, thigh, or upper arm of the subject 1 . In 
any case, the electrodes are arranged along a circumference of the part to measure. 

The correlation expression to correlate a set of voltages (VI to Vn) with a volume B 
may be prepared like that to correlate a voltage V with a subcutaneous fat thickness. The 
volume B of the subcutaneous fat 8 in the subject 1 may be obtained by an X-ray CT system 

20 or an MRI system. If the quantity B is the ratio (relative value) of the volume of the 
subcutaneous fat 8 to the total volume of the measured part of the subject 1, the correlation 
expression is, for example, B = aO + al - VI + al ♦ V2 + ... + an - Vn, where aO to an are 
regression coefficients. If the circumferential length U of the subject 1 is included, the 
correlation expression is, for example, B = aO + al -Vl+a2-V2 + ... + an - Vn + bl / U + 

25 h2 / if. If the weight BO of the subject 1 is included, the correlation expression is, for 
example, B = aO + al * VI + a2 - V2 + ... + an • Vn + bl / B0 m + b2/B0, where bl and b2 
are regressive coefficients. If the quantity B is an absolute volume of the subcutaneous fat 
8, the correlation expression is, for example, B = aO + (al -Vl + a2-V2 + ... + an • Vn) • if 
+ bl - U+b2 - if , or B = a0 + (al -VI +a2 -V2 + ... + an • Vn) - U 2 + bl -B0 m + b2 -BO. 

30 These correlation expressions make it possible to compute the volume B of subcutaneous fat 
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of a sample according to a set of voltages (VI to Vn), or a set of voltages and a 
circumferential length (VI to Vn and U), or a set of voltages and a weight (F7 to Vn and 50) 
measured on the sample. It is also possible to compute the weight, instead of volume, of 
the subcutaneous fat. 

5 The electrodes 26a to 26h may be selected to constitute the arrangements of 

current electrodes and measuring electrodes of Figs. 1 and 6. That is, two current 
electrodes 26a and 26b and two measuring electrodes 26h and 26e are selected, and 
thereafter, two current electrodes 26a and 26d and two measuring electrodes 26g and 26f are 
selected, to precisely measure the thickness of the subcutaneous fat 8 between the electrodes 
10 26a and 26h. The current electrodes are sequentially selected to repeat measurements, to 
precisely provide the thicknesses of the subcutaneous fat 8 at a plurality of points along the 
circumference of the subject 1. The electrodes 26a to 26h may be selected to successively 
constitute the arrangements of current and measuring electrodes of Figs. 1 and 5 and those 
of Figs. 1, 5, and 6. 

15 The electrodes 26a to 26h may be selected to constitute the arrangements of 

current and measuring electrodes of Figs. 7 A and 7B. That is, two current electrodes 26a 
and 26b and two measuring electrodes 26h and 26c are selected, and thereafter, two current 
electrodes 26a and 26d and two measuring electrodes 26g and 26f are selected, to precisely 
measure the thickness of the subcutaneous fat 8 around the electrodes 26a and 26b. The 

20 current electrodes are sequentially selected to repeat measurements, to precisely measure the 
thicknesses of the subcutaneous fat 8 at a plurality of points along a circumference of the 
subject 1. Correcting measured voltages eliminates the influence of the quantities and 
distributions of the nonfat part 9 and visceral fat 10 of the subject 1, to precisely measure the 
thickness, sectional area, or volume of the subcutaneous fat 8 of the subject 1 . 

25 According to the first to fourth embodiments, measurements may be carried out at 

a plurality of current frequencies, and the measurements may be compared with one another 
to improve the reliability of the measurements. 

Second Aspect 

30 A method of and an apparatus for measuring body fat according to the second 
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aspect of the present invention measure a visceral fat quantity in a human body. 

Figure 10 shows a body fat measuring apparatus according to a first embodiment. 
The apparatus has two current electrodes 2 and 3 arranged on a circumference of a subject 1 
substantially opposite to each other across the subject 1, a current source 4, two measuring 
5 electrodes 21 and 22 arranged on the circumference of the subject 1 substantially at an 
intermediate position between the current electrodes 2 and 3, a distance between the 
electrodes 21 and 22 being sufficiently smaller than a circumferential length of the subject 1, 
a reference potential 17 to measure the potential of the measuring electrodes 21 and 22, a 
switch 16 to connect the reference potential to the measuring electrode 21 or 22, a voltmeter 

10 7 to measure the potential of the measuring electrodes 21 and 22, and a body fat computing 
unit 25 to compute the quantity of visceral fat 10 in the subject 1 according to the voltage 
measured with the voltmeter 7. The voltage may be measured at the other intermediate 
position between the current electrodes 2 and 3, as shown in Fig. 11, wherein measuring 
electrodes 2V and 22' are symmetrically arranged with respect to the measuring electrodes 

15 21 and 22 of Fig. 10. The current electrodes 2 and 3 may be arranged on the back and 
abdomen of the subject 1, respectively, or on the flanks of the subject 1, respectively. To 
accurately measure a visceral fat quantity, it is preferable that the electrodes 2 and 3 are 
arranged on the back and abdomen of the subject 1, respectively. The number of current 
electrodes arranged on a circumference of the subject 1 may be more than 2 as shown in Fig. 

20 1 2, if currents are passed across the subject 1 . 

The body fat measuring apparatuses of Figs. 10 and 1 1 may have a data input unit 
33 to enter data related to a circumferential length of the subject 1, the distance between the 
electrodes 21 and 22, and the distance between the electrodes 2T and 22'. The body fat 
computing unit 25 computes a visceral fat quantity according to the circumferential length 

25 of the subject 1, the distance between the electrodes 21 and 22, and the distance between the 
electrodes 2T and 22' entered through the data input unit 33 and a voltage measured with the 
voltmeter 7. 

A body fat measuring method will be explained. The current source 4 passes a 
current between the current electrodes 2 and 3 that are arranged on a circumference of the 
30 subject 1 substantially opposite to each other across the subject 1. The switch 16 is 
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switched so that the voltmeter 7 measures a voltage Fl between the measuring electrode 21 
and the reference potential 1 7 and a voltage between the measuring electrode 22 and the 
reference potential 17. The computing unit 25 computes a quantity m of the visceral fat 10 
according to the voltages VI and V2 measured with the voltmeter 7. 

5 In Figs. 10 to 12, the current source 4 may be of any one of DC and AC. If the 

current source 4 is an AC current source, a phase delay may simultaneously be measured 
when the voltmeter 7 measures a voltage (amplitude or effective value). The measured 
phase delay is used to analyze data. When measuring a human body, AC is easier to 
handle. The frequency of the AC current source may be 10 kHz to 500 kHz, preferably 50 

1 0 kHz to 200 kHz, and a current value may be 0.3 mA to 3 mA. 

Figure 13 shows a schematic distribution of potential (instantaneous values) 
induced on a circumference of the subject 1 in response to a current flowing from the 
electrode 2 to the electrode 3. The absolute value of a spatial potential gradient 
(inclination) around the electrodes 21 and 22, or 2V and 22', which is relatively small, 

15 strongly correlates to the quantity of the visceral fat 10. If the absolute value of the spatial 
potential gradient is large, the quantity of the visceral fat 10 is large, and if it is small, the 
quantity of the visceral fat 10 is small. The spatial potential gradient is substantially free 
from the quantity and distribution of subcutaneous fat 8 of the subject 1, and therefore, it is 
possible to easily and precisely measure the quantity m of the visceral fat 10 irrespective of 

20 the distribution and quantity of the subcutaneous fat 8. 

The quantity m of the visceral fat 10 may be computed according to one of a 
spatial potential gradient around the electrodes 21 and 22 and that around the electrodes 21' 
and 22' or according to an average of the two spatial potential gradients. A person having a 
large visceral fat quantity generally has also a large total fat quantity (the sum of visceral and 

25 subcutaneous fat quantities), and therefore, the spatial potential gradient is usable to 
approximate the total fat quantity of the subject 1 . 

The spatial potential gradient may be a potential difference \ V1 - V2\ where VI is 
the voltage measured between the measuring electrode 21 and the reference potential 17 and 
V2 is the voltage measured between the measuring electrode 22 and the reference potential 

30 1 7. | VI ~ V2\ may be divided by a distance LI 2 between the electrodes 21 and 22, to use 
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\V1 — V2\ i LI 2 as the spatial potential gradient. It is possible to use a more general spatial 
potential gradient C, that is provided by normalizing the electrode distance as "LJ2 I U" and 
dividing \V1 - V2\ by "LI 2 1 U" as C = \V1 - V2\ ■ U/L12. 

To compute the quantity of the visceral fat 10, it is necessary to prepare a 
correlation expression to correlate a spatial potential gradient with the quantity m of the 
visceral fat 10. To prepare the correlation expression, a plurality of samples having 
different fat quantities m are tested, and a correlation between spatial potential gradients 
measured with the method of any one of Figs. 10 and 1 1 and actual visceral fat quantities m 
is found. When measuring voltages VI and V2, the same current or different currents are 
applied to the samples. When different currents are used, measured voltages must be 
normalized based on one current. To measure actual visceral fat quantities m on the 
samples, an X-ray CT system or an MRJ system may provide tomographic images of the 
samples to calculate the sectional areas and volumes of the visceral fat. If the samples are 
not human bodies, they may be mechanically sliced to directly measure sectional areas and 
volumes thereof. The samples may be those having known internal structures. When 
calculating a cross-sectional area from a tomographic image, current spreading may be 
considered. That is, not only the tomographic image of a target section but also the 
tomographic images of the vicinities of the target section may be prepared, and the sectional 
area of visceral fat of the target section is calculated from an average of the tomographic 
images. When computing a total fat quantity (the sum of visceral and subcutaneous fat 
quantities) from a spatial potential gradient, a correlation expression is prepared in the same 
manner. 

The visceral fat quantity m may be expressed in the cross-sectional area or volume 
of the visceral fat 10, the ratio of the cross-sectional area of the visceral fat 10 to the total 
cross-sectional area of the subject 1, or the ratio of the cross-sectional area of the visceral fat 
10 to the cross-sectional area of the nonfat part 9 around the visceral fat 10. Among them, 
a proper one showing an optimum correlation with a spatial potential gradient may be 
chosen in practice. 

The normalized spatial potential gradient £ = \V1~V2\ • U I LI 2 shows, in principle, 
a good correlation with the ratio of the cross-sectional area of the visceral fat 10 to the total 
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cross-sectional area of the subject 1 , or the ratio of the same to the cross-sectional area of the 
nonfat part 9 around the visceral fat 10. This is because a scaling law with respect to the 
potential distribution is almost satisfied, that is, the potential distribution of Fig. 13" is 
unchanged even if the subject 1 is similarly enlarged, as long as a current is kept constant. 
5 If a circumference of the subject 1 has a potential distribution V— g(x\ a circumference of a 
subject T that is similarly larger or smaller than the subject 1 by £, has a distribution roughly 
expressed as V= g^x'), where x'=^x. To calculate a visceral fat quantity m from the spatial 
potential gradient ^, it is preferable to set the quantity m as the relative value mentioned 
above. Figure 14 shows an example of a correlation between spatial potential gradient ^ 

10 and visceral fat quantity m. In Fig. 14, crosses indicate data points of samples for making a 
correlation expression, and a dotted line indicates a correlation expression formed by 
properly tracing the crosses. In Fig. 14, the impedance of visceral fat is greater than that of 
nonfat part, and is an increasing function of visceral fat quantity m. The correlation 
expression m =XQ to correlate a visceral fat quantity m with a spatial potential gradient 

1 5 can be approximated by a linear function based on a multivariate analysis. In this case, the 
correlation expression will be m — aO + al • where aO and al are regression coefficients. 
According to the correlation expression, the visceral fat quantity m of a sample is calculable 
from a spatial potential gradient £ that is found from a voltage measured on the sample with 
the voltmeter 7. 

20 On a sample having a constant circumferential length U, the normalized spatial 

potential gradient t, becomes equivalent to the voltage \V1—V2\ when the distance LI 2 
between the electrodes 21 and 22 (or 21' and 22') is fixed. In this case, \ V1—V2\ is usable 
instead of C,. On a sample having a variable circumferential length £/, the normalized 
spatial potential gradient C, becomes equivalent to the voltage \V1—V2\, when the distance 

25 LI 2 between the electrodes 21 and 22 (or 2F and 22') is varied in proportion to the 
circumferential length £/. In this case, \V1-V2\ is also usable instead of Changing the 
distance LI 2 between the electrodes 21 and 22 (or 21' and 22') is achievable by fixing the 
electrodes on a belt made of elastic material such as rubber and by winding the belt around 
the sample so that the belt may expand and contract on the sample. Another technique is to 

30 measure a circumferential length of the sample, and according to the length, mechanically 
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change the electrode-to-electrode distance on the sample. 

In Fig. 10 (or Fig. 11), it is preferable to properly set the distance between the 
electrodes 21 and 22 (or 21' and 22'). If the distance between the electrodes 21 and 22 is 
too small, a potential difference generated between the electrodes 21 and 22 is insufficient 
5 relative to measuring sensitivity. The distance between the electrodes 21 and 22 is 
preferably 3 cm or larger. If the distance between the electrodes 21 and 22 is too large, a 
measured voltage is affected by the distribution and quantity of the subcutaneous fat 8. 
Accordingly, the electrode-to-electrode distance is preferable to be 1/6 of the circumferential 
length or shorter. The shapes of the electrodes are, for example, disks or rectangles. If 
1 0 disk electrodes are employed, they may have a diameter of 0.6 cm to 3.5 cm, preferably, 1 .5 
cm to 2.5 cm. 

An absolute visceral fat quantity of the subject 1 is calculable by multiplying the 
normalized spatial potential gradient C, by a power of a characteristic quantity representing 
the size of the subject 1. This technique generally realizes a higher accuracy than 

1 5 calculating a relative value of visceral fat from the normalized spatial potential gradient 

The absolute visceral fat quantity is preferably a cross-sectional area of the visceral fat 1 0 on 
or close to the cross section around which the electrodes are arranged. It is possible to 
approximate the absolute total fat quantity by multiplying the normalized spatial potential 
gradient £ by a power of the characteristic quantity representing the size of the subject 1. 

20 In this case, the absolute total fat quantity is preferably the total cross-sectional area of the 
visceral fat 10 and subcutaneous fat 8 on or around the cross section where the electrodes 
are arranged. 

The characteristic quantity representing the size of the subject is, a value related to 
the size of the cross section of the subject. It may be a total cross-sectional area a 

25 circumferential length U around a cross section of the subject, a longitudinal width Wl, or a 
lateral width W2 shown in Fig. 15. A power of the characteristic quantity representing the 
size of the subject is typically the first power of the total cross-sectional area S 9 the product 
W1-W2 of the longitudinal and lateral widths, or the second power U 2 of the circumferential 
length U. In practice, it is difficult to correctly measure the total cross-sectional area S 9 and 

30 therefore, WhW2 and U 2 that are highly correlative with S are used. It is also possible to 
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use values having integral exponents, such as Wl, W2, and £/ having an exponent of 1, Wl 2 , 
W2 2 , Wl-U, and W2-U having an exponent of 2, if and WLW2- [/having an exponent of 3, 
and if having an exponent of 4. It is also possible to employ values having non-integral 
exponents, such as if 8 and U 22 . Weighted linear sums or differences of such values are 
5 also usable. The characteristic quantity representing the size of the subject may be a 
quantity indirectly representing the cross-sectional area of the subject such as the weight of 
the subject or the ratio of the weight to the height of the subject. 

To compute the quantity of the visceral fat 10, it is necessary to prepare a 
correlation expression to correlate the cross-sectional area m of the visceral fat 10 with the 

10 product C > xWlxW2, or if of the spatial potential gradient t, and the second power of a 
characteristic quantity representing the size of the subject 1. The correlation expression 
can be approximated with a linear polynomial based on a multivariate analysis. The 
approximated correlation expression is, for example, m = aO + al -C, - Wl ■ W2, or m = aO 
+ al • ■ if, where aO and al are regressive coefficients. Also possible are m = aO + al - 

15 £ Wl • W2 + a2 - Wl - W2, and m - aO + al - £ - if + a2 • C/ 2 , where a2 is a regressive 
coefficient. Another voltage V measured in another current path on the subject 1 may be 
employed to provide correlation expressions of improved accuracy, such as m = aO + al 
•Wl - W2 + a2 - V -Wl > W2, and m = aO + al ■ £ - if + a 2 -V • <7\ Values related to the 
characteristic quantity representing the size of the subject 1 may be other than W1-W2 and 

20 if. Such values are replaced with W1-W2 or if in the correlation expressions. If the 
distance LI 2 between the electrodes 21 and 22 is changed in proportion to the 
circumferential length U in Fig. 10, the voltage \V1—V2\ may be employed instead of the 
spatial potential gradient In this case, the correlation expression will be m = aO + al * 
| V1~V2\ ■ Wl ■ W2 9 or m = aO + al • | Vl—V2\ - if. Once the correlation expression is set, 

25 the visceral fat quantity m of a given sample is calculable from a spatial potential gradient 
or voltage \V1-V2\ measured on the sample and a characteristic quantity representing the 
size of the sample. 

The second embodiment will be explained. Figure 16 shows a body fat 
measuring apparatus according to the second embodiment. The apparatus has two current 
30 electrodes 2 and 3 arranged substantially opposite to each other across a subject 1, a current 
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source 4, measuring electrodes 21 to 24 arranged on a circumference of the subject 1 
substantially at an intermediate position between the electrodes 2 and 3, a distance between 
adjacent ones of the electrodes being sufficiently shorter than the circumferential length of 
the subject 1, a reference potential 17 to measure potential of the measuring electrodes 21 to 
5 24, a switch 1 6 to connect the reference potential 17 to the measuring electrodes 21 to 24, a 
voltmeter 7 to measure potential of the four measuring electrodes 21 to 24, a data input unit 
33 to enter a circumferential length U of the subject 1 and positional data concerning the 
measuring electrodes, and a body fat computing unit 25 to compute the quantity of visceral 
fat 10 in the subject 1 according to the voltages measured with the voltmeter 7 and the 

1 0 circumferential length U and electrode positional data entered through the data input unit 33. 
The current electrodes 2 and 3 may be arranged on the back and abdomen of the subject 1, 
respectively, or on the flanks of the subject 1, respectively. To accurately measure a 
visceral fat quantity, it is preferable that the electrodes 2 and 3 are arranged on the back and 
abdomen of the subject 1 , respectively. 

1 5 A body fat measuring method will be explained. The current source 4 passes a 

current between the current electrodes 2 and 3 that are arranged on a circumference of the 
subject 1 substantially opposite to each other across the subject 1. The switch 16 is 
switched so that the voltmeter 7 measures voltages VI to V4 between the measuring 
electrodes 21 to 24 and the reference potential 17. The body fat computing unit 25 

20 computes a spatial potential gradient C, according to the voltages VI to V4 measured with the 
voltmeter 7 and the circumferential length U and electrode positional data entered through 
the data input unit 33 and calculates a quantity m of the visceral fat 10 according to the 
spatial potential gradient ^. 

Calculating the spatial potential gradient ^ from the voltages VI to V4 will be 

25 explained. Figure 1 7 shows the positions xl , x2, x3> and %4 of the measuring electrodes 2 1 , 
22, 23, and 24, these positions corresponding to the distances from a point on the surface of 
the subject 1 to the centers of the electrodes. This electrode positional data is entered 
through the data input unit 33. The body fat computing unit 25 uses the data pieces xl to 
X4 entered through the data input unit 33 and calculates the distance LI 2 =y2- %\ between 

30 the electrodes 21 and 22, the distance L23 =y}-y2 between the electrodes 22 and 23, and the 
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distance L34 =%4-x3 between the electrodes 23 and 24. Based on them, the body fat 
computing unit 25 computes local spatial potential gradients between the electrodes as £72 = 
\V1-V2\ • Ul L12, C,23 = \V2-V3\ • U/L23, and £3^= \V3-V4\ ■ UIL34. The simplest way 
to find the spatial potential gradient £ is to calculate an arithmetic average of the local spatial 
potential gradients £72, £,23, and C>34. Alternatively, the spatial potential gradient £ may be 
the smallest one among £72, £25, and C$4. The spatial potential gradient £ may also be 
obtained, as shown in Fig. 18, by plotting £72 at x/C/= (%l + %2) 1 2U, C,23 at x/U= (y2 + X 3) 
/ 2t7, and £34 at x/C/ = (x3 + X 4 ) / 2C7, fitting these three points to a quadratic function, 
finding a minimal value £min of the quadratic function, and defining the minimal value as 
the spatial potential gradient £. 

Based on the spatial potential gradient £ thus obtained, a visceral fat quantity or a 
total fat quantity (the sum of visceral and subcutaneous fat quantities) is computed in the 
same manner as the first embodiment. 

The third embodiment will be explained. Figure 1 9 shows a body fat measuring 
apparatus according to the third embodiment. This apparatus sets the reference potential 
1 7 of the body fat measuring apparatus of Fig. 16 to an electrode 24 on a subject 1 . In Fig. 
19, a switch 16 connects the reference measuring electrode 24 to one of measuring 
electrodes 21 to 23. A voltmeter 7 measures voltages generated between the reference 
measuring electrode 24 and the measuring electrodes 21 to 23. 

A body fat measuring method carried out with the apparatus of Fig. 19 will be 
explained. A current source 4 passes a current between current electrodes 2 and 3. The 
switch 16 is operated so that the voltmeter 7 may measure voltages VI to V3 between the 
reference measuring electrode 24 and the measuring electrodes 21 to 23. A body fat 
computing unit 25 uses the voltages VI to V3 measured with the voltmeter 7 and a 
circumferential length t/and electrode position data entered through a data input unit 33, to 
find a spatial potential gradient £ and compute a quantity m of visceral fat 10 from the 
spatial potential gradient £. 

Finding the spatial potential gradient £ from the voltages VI to V3 is achieved like 
the second embodiment by replacing the spatial potential gradient C$4 of the second 
' embodiment with V3- U/L34. Using the spatial potential gradient £ thus determined and the 
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method of the first embodiment, the visceral fat quantity or a total fat quantity (the sum of 
visceral and subcutaneous fat quantities) is calculated. 

The fourth embodiment will be explained. Figure 20 shows a body fat measuring 
apparatus according to the fourth embodiment. This apparatus sets the reference potential 
5 17 of the body fat measuring apparatus of Fig. 10 to an electrode 22 on a subject 1. A 
voltmeter 7 measures a voltage V generated between the reference measuring electrode 22 
and a measuring electrode 21. 

A body fat measuring method carried out with the apparatus of Fig. 20 will be 
explained. A current source 4 passes a current between current electrodes 2 and 3. The 
10 voltmeter 7 measures a voltage V between the measuring electrode 21 and the reference 
measuring electrode 22. A body fat computing unit 25 computes a quantity m of visceral 
fat 10 according to the voltage V measured with the voltmeter 7. More precisely, the 
voltage \V1-V2\ of the first embodiment is replaced with the voltage V 9 and the same 
method as that of the first embodiment is employed to compute the visceral fat quantity or a 
1 5 total fat quantity (the sum of visceral and subcutaneous fat quantities). 

The fifth embodiment will be explained. Figure 21 A shows a body fat measuring 
apparatus according to the fifth embodiment. Current electrodes 2 and 3 are arranged 
substantially opposite to each other across a subject 1 and are oriented in a first direction 
depicted by "A". A current source 4 passes a current between the current electrodes 2 and 
20 3. Measuring electrodes 21 and 22 are arranged substantially at an intermediate position 
between the current electrodes 2 and 3. A voltmeter 7 measures a voltage generated 
between the measuring electrodes 21 and 22. Figure 21B shows another body fat 
measuring apparatus. Current electrodes 2 and 3 are arranged substantially opposite to 
each other across the subject 1 and are oriented in a second direction depicted by "B". A 
25 current source 4 passes a current between the current electrodes 2 and 3. Measuring 
electrodes 21 and 22 are arranged substantially at an intermediate position between the 
current electrodes 2 and 3. A voltmeter 7 measures a voltage generated between the 
measuring electrodes 21 and 22. 

In this way, currents are successively supplied in a plurality of directions across the 
30 subject 1, and voltages generated by the currents are measured. According to the voltages, 
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a body fat computing unit 25 precisely computes the quantity of visceral fat 10 in the subject 
1. 

This measuring method needs a correlation expression to correlate the measured n 
voltages (VI to Vri) with the visceral fat quantity m. The correlation expression may be 

5 prepared like the first embodiment. The correlation expression may be approximated by a 
linear polynomial based on a multivariate analysis, such as m = aO + al -VI + a2 -V2 + ... 
+ an • Vn, where aO to an are regression coefficients. Once the correlation expression is 
prepared, it is possible to calculate the quantity m of visceral fat of a sample from a set of 
voltages (VI to Vri) measured on the sample. The correlation expression may be prepared 

10 according to a set of values (Vl-U/Ll, V2-U/L2, Vn-UILri) obtained by multiplying the 
measured voltages Vi (i = 1 to n) by a separately measured circumferential length U and 
dividing the products by distances Li (i = 1 to n) between the measuring electrodes. The 
correlation expression makes it possible to calculate the quantity m of visceral fat of a 
sample from values (V1-UIL1, V2-U/L2, Vn-UILri) measured on the sample. The 

15 correlation expression may be prepared by using also the characteristic quantities of the 
subject 1 such as longitudinal width Wl, lateral width W2 9 and circumferential length U. 
This correlation expression will be m = aO + (al - VI - U / LI + a2 ■ V2 ■ U / L2 + ... + an - 
Vn ■ U/Ln) - Wl - W2 9 or m = aO + (al • VI - U/Ll + a2 • V2 - U / L2 + ... + an • Vn • U/ 
Lri) ■ if. This correlation expression is used to calculate a cross-sectional area m of the 

20 visceral fat 10. 

The sixth embodiment will be explained. A body fat measuring apparatus 
according to the sixth embodiment is made by adding a measuring apparatus of Fig. 22A 
and/or that of Fig. 22B to the body fat measuring apparatus of Fig. 20, or by adding a 
measuring apparatus of Fig. 23 A and/or that of Fig. 23B to the apparatus of Fig. 20. The 

25 measuring apparatuses of Figs. 22A and 22B correspond to the measuring apparatus of Fig. 
7A. The measuring apparatuses of Figs. 23A and 23B correspond to the measuring 
apparatus of Fig. 1 . Detailed explanations of them will be omitted. 

A body fat measuring method will be explained. In the measuring apparatus of 
Fig. 20, the current source 4 passes a current between the current electrodes 2 and 3, and the 

30 voltmeter 7 measures a first voltage V generated between the measuring electrodes 21 and 



26 



22. 

In the measuring apparatus of Fig. 22A, a current source 4 passes a current 
between two current electrodes 36 and 37, and a voltmeter 40 measures a second voltage V 
between two measuring electrodes 38 and 39. In the measuring apparatus of Fig. 22B, a 

5 current source 4 passes a current between two current electrodes 36' and 37\ and a voltmeter 
40 measures a second voltage V between two measuring electrodes 38' and 39'. A body 
fat computing unit 25 uses the second voltages V and V" measured with the voltmeters 40, 
to correct the first voltage V measured with the voltmeter 7, and computes the quantity of 
visceral fat 10 according to the corrected voltage. 

10 The voltage V measured with the voltmeter 7 includes the influence of a 

distribution of subcutaneous fat 8 of the subject 1, in particular, the influence of the 
thickness of the subcutaneous fat 8 around the electrodes 2 and 3. In Fig. 22B, the voltage 
(impedance) V" is measured by passing a current around the electrode 2, and in Fig. 22A, 
the voltage (impedance) V is measured by passing a current around the electrode 3. Thus, 

15 these voltages V" and V are used to remove the influence of the subcutaneous fat, to 
improve measuring accuracy. If it is known beforehand that the thickness of the 
subcutaneous fat 8 around the electrode 2 is substantially equal to that around the electrode 3, 
only one of the voltages V and V" may be used to correct the voltage V measured with the 
voltmeter 7. 

20 The correction of the voltage is carried out when preparing a correlation expression. 

That is, the ordinate of Fig. 14 is set to represent V-a'V L -a n V\ and the coefficients a' and a" 
are properly set to provide a better correlation. The correlation expression may be 
approximated by a linear polynomial based on a multivariate analysis, such as m = aO + a ■ 
V- a* • V'—a" - V'\ where aO, a, a\ and a" are regressive coefficients to be determined. 

25 A more general correction technique using the distance LI 2 between the electrodes 

21 and 22 and the circumferential length U of the subject 1 may be employed, hi this case, 
the ordinate of Fig. 14 is V-U/L12 ~ a'-V - a"V. A correlation expression based on a 
multivariate analysis is, for example, m = aO + a • V ■ U / LI 2 - a' - V ~ a" * V". The 
circumference length U of the subject 1 and the second power if thereof may be used as 

30 independent variables to provide a correlation expression of m = aO + a - V ■ U . LI 2 — a' - 
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F' - a" • + a J / U + a2 / if, where #7 and a2 are regressive coefficients. This improves 
measuring accuracy. 

A power of a characteristic quantity representing the size of the subject 1 may be 
employed to find a cross-sectional area m of the visceral fat 10. hi this case, a correlation 
5 expression based on a multivariate analysis is, for example, m = aO + a ■ V (U / L12) • s - 
a' - V - s' — a" - V" - 8 n , where e, e\ and e" are exponential values of the characteristic 
quantity representing the size of the subject 1 . For example, they are the product WhW2 of 
a longitudinal width Wl and lateral width W2 of the subject 1, and the second power if of 
the circumferential length U of the subject 1. Exponents are not limited to 1 and 2. They 

10 are determined to provide an optimum correlation. If s, e', and e M are each U 2 , the 
correlation expression will be m = aO + a * V • (U/LJ2) < U 2 - a' - V - if - a" - V" ■ U 2 . 
When U and if arc used as independent variables, the correlation expression will be m = aO 
+ a • V • (U / L12) • if - a' « V • if - a" - V" - if + al ■ U + a2 - if, to improve 
computation accuracy. When changing the distance LI 2 between the electrodes 21 and 22 

15 in proportion to the circumferential length £/, the correlation expression is m = aO + a • V - s 
- a' • V - {? - a" • V" • s\ or m = aO + a - V ■ U 2 - a' - V - if - a" ■ V" ■ U 2 + al > U + a2 - 
U 2 . 

The above-mentioned example uses the measuring apparatuses of Fig. 22 to 
correct a voltage. Instead of the apparatus of Fig. 22A, the measuring apparatus of Fig. 

20 23 A may be employed, and instead of the measuring apparatus of Fig. 22B, the measuring 
apparatus of Fig. 23B may be employed. In this case, a voltage measured with a voltmeter 
40 will not greatly vary even if the positions of electrodes 41 and 41* slightly shift. Thus, 
this arrangement makes it possible to accurately measure a voltage even if electrode 
positions slightly shift. This results in further correctly computing a visceral fat quantity. 

25 The current electrodes and measuring electrodes of Fig. 22 or Fig. 23 may be arranged at 
other locations along a circumference of the subject 1, to measure second voltages based on 
the measuring method of Fig. 22 or Fig. 23. The measured second voltages are used to 
correct the first voltage K, to further improve measuring accuracy. The measuring 
apparatus of Fig. 22 or Fig. 23 may be added to the measuring apparatus of any one of Figs. 

30 10, 11, 12, 16, and 19 instead of the apparatus of Fig. 20, to precisely measure a visceral fat 
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quantity. 

The seventh embodiment will be explained. A body fat measuring apparatus 
according to the seventh embodiment has the same structure as that of Fig. 8 and 
successively passes currents in different directions to automatically measure visceral fat in a 

5 subject 1. Through the data input unit 33, a correlation expression to correlate voltages 
with a visceral fat quantity m is entered into the computer 35. The computer 35 uses the 
correlation expression to find a visceral fat quantity m and provides the data output unit 34 
with the visceral fat quantity m. The data output unit 34 displays the received data. The 
other parts and measuring operations of the seventh embodiment are the same as those of 

1 0 the fourth embodiment of the first aspect. 

Selecting current electrodes and measuring electrodes will be explained. For 
example, the arrangements of Figs. 20, 21 A, and 2 IB are successively selected. The 
voltage correction process of Fig. 22 or of Fig. 23 may be additionally carried out in each 
direction, to remove the influence of the distribution and quantity of subcutaneous fat of the 

15 subject 1. This results in improving the computation accuracy of the quantity of the 
visceral fat 10. 

The first to seventh embodiments may carry out measurements at different current 
frequencies and compare the measurement results with each other, to improve the reliability 
of the measurements. 

20 

Third Aspect 

A method of and an apparatus for measuring body fat according to the third aspect 
measure a subcutaneous fat quantity such as the thickness or cross-sectional area of 
subcutaneous fat, a visceral fat quantity such as the cross-sectional area of visceral fat, or the 
25 sum of subcutaneous and visceral fat quantities. 

Figure 24 shows a body fat measuring apparatus according to the first 
embodiment based on the third aspect. The apparatus has two current electrodes 2 and 3 
arranged along a circumference of, for example, the body of a subject 1 approximately 
opposite to each other across the subject 1, a current source 4, a measuring electrode 42 
30 arranged close to the electrode 2, a measuring electrode 43 arranged close to the electrode 3, 
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a voltmeter 7 to measure a voltage generated between the two measuring electrodes 42 and 
43, and a body fat computing unit 25 to compute the sum of a cross-sectional area of 
subcutaneous fat 8 and a cross-sectional area of visceral fat 10 of the subject 1 according to 
the voltage measured with the voltmeter 7. The current electrodes 2 and 3 may be 
5 arranged on the back and abdomen of the subject 1, respectively, or on the flanks of the 
subject 1, respectively. To accurately measure a fat quantity, it is preferable that they are 
arranged on the back and abdomen of the subject 1, respectively. The measuring electrode 
adjacent to the electrode 3 may be arranged at a position substantially symmetrical to the 
electrode 43 across the electrode 3, as shown in Fig. 25. The number of current electrodes 

10 arranged along a circumference of the subject 1 may be greater than 2 as shown in fig. 26, if 
the electrodes can pass a current across the subject 1 . 

A body fat measuring method will be explained. In the measuring apparatus of 
Fig. 24, the current source 4 passes a current between the current electrodes 2 and 3. The 
voltmeter 7 measures a voltage V generated between the measuring electrodes 42 and 43. 

1 5 The body fat computing unit 25 uses the voltage V measured with the voltmeter 7, to 
compute the sum m' of a cross-sectional area of the subcutaneous fat 8 and a cross-sectional 
area of the visceral fat 10 in the subject 1. A person having a large total fat quantity (the 
sum of subcutaneous and visceral fat quantities) generally has a large visceral fat quantity. 
The voltage F, therefore, is usable to compute a cross-sectional area m of the visceral fat 10 

20 of the subject 1. 

The current source 4 has already been explained in the first aspect, and therefore, 
the explanation thereof will be omitted. 

It is easily expected that a voltage generated when a current is passed substantially 
across the subject 1, as shown in Fig. 24, has some correlation with a fat quantity that 

25 mainly causes electric resistance in the subject 1. It is surprising however that the voltage 
V accurately reflects the ratio (relative value) of the sum of a cross-sectional area of the 
subcutaneous fat 8 and a cross-sectional area of the visceral fat 10 of the subject 1 to a total 
cross-sectional area of the subject 1 at or around a cross section around which the electrodes 
are arranged. It is also beyond expectation that the product obtained by multiplying the 

30 voltage by a power of a characteristic quantity representing the size of the subject 1 shows a 
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strong correlation with the sum (absolute value) of the cross-sectional area of the 
subcutaneous fat 8 and the cross-sectional area of the visceral fat 10 at the cross section in 
question. The characteristic quantity representing the size of the subject and a power 
thereof have been explained in the first embodiment of the second aspect. 

5 To compute the sum m f of the subcutaneous fat 8 and visceral fat 10, it is necessary 

to prepare a correlation expression to correlate the voltage V with the fat quantity m\ 
Alternatively, it is necessary to prepare a correlation expression to correlate the product of 
the voltage Fand a power of the characteristic quantity representing the size of the subject 1, 
for example, Vx Wl x W2 7 or V* if with the fat quantity m\ The correlation expression may 

1 0 be prepared like the first embodiment of the second aspect. 

The correlation expression can be approximated by a linear polynomial based on a 
multivariate analysis. If the quantity m' indicates the ratio (relative value) of the sum of the 
cross-sectional areas of the subcutaneous fat 8 and visceral fat 10 to the total cross-sectional 
area of the subject 1, the expression will be, for example, m r = aO + al • V + a2 - L / U, 

15 where aO, al, and a2 are regression coefficients and L is the distance between the electrodes 
2 and 42, or 3 and 43. If the quantity m' indicates the sum (absolute value) of the 
cross-sectional areas of the subcutaneous fat 8 and visceral fat 10, the expression will be m' 
= a0 + al • K • Wl • W2 9 or m' = aO + al • V • if. The values WLW2 and if may be used 
as independent variables to provide m' = aO + al - V -Wl - W2 - + a2 - Wl - W2 + a3 • Wl * 

20 W2 • L/ U,oxm' = aO + al - V -if + a2 - if + a3 if -L/ U, where a3 is a regression 
coefficient. This improves the accuracy of the correlation expression. The exponential 
values of the characteristic quantity representing the size of the subject 1 are not limited to 
W1W2 and if. If other exponential values are employed, they are replaced with WLW2 
and if 1 . Once the correlation expression is set, the fat quantity rrt of a sample is calculable 

25 from the correlation expression, a voltage V measured on the sample, and a characteristic 
quantity representing the size of the sample. 

In Fig. 24, the distance between the current electrode 2 and the measuring 
electrode 42 must be in a proper range. If the distance is too large, a voltage drop due to 
the subcutaneous fat 8 less occupies the measured voltage V 9 to deteriorate measuring 

30 accuracy. In addition, measuring sensitivity will be poor on samples having thin 
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subcutaneous fat. If the distance is too small, measuring sensitivity will be poor on 
samples having thick subcutaneous fat. In addition, the shapes and sizes of the electrodes 
and contact states between the electrodes and the subject 1 will affect the measured voltage 
V, The distance between the electrodes 2 and 42 is preferably 0.3 to 3 times the thickness 
5 of the subcutaneous fat 8. When arranging the electrodes along a circumference of the 
waist of a human body, the distance (center-to-center distance) between the electrodes 2 and 
42 is preferably 0.6 cm to 12 cm, more preferably, 1 cm to 6 cm. The distance between the 
electrodes 2 and 42 may be changed in proportion to the circumferential length U of a 
subject. Changing the distance between the electrodes in proportion to a circumferential 

1 0 length is achievable by fixing the electrodes on a belt made of elastic material such as rubber 
and winding the belt around a subject so that the belt may expand and contract on the 
subject. The same is applicable to the distance between the current electrode 3 and the 
measuring electrode 43. 

The shapes of the current electrodes and measuring electrodes are, for example, 

1 5 disks or rectangles. If disk electrodes are employed, they may have a diameter of 0.6 cm to 
3.5 cm, preferably, 1 .5 cm to 2.5 cm. 

The second embodiment will be explained. Figure 27 shows a body fat 
measuring apparatus according to the second embodiment. The apparatus has two current 
electrodes 2 and 3 arranged along a circumference of, for example, the body of a subject 1 

20 substantially opposite to each other across the subject 1, a current source 4, a measuring 
electrode 44 arranged close to the electrode 3, a measuring electrode 45 arranged on the 
circumference of the subject 1 substantially at an intermediate position between the two 
current electrodes 2 and 3, a voltmeter 7 to measure a voltage generated between the two 
measuring electrodes 44 and 45, and a body fat computing unit 25 to compute the sum of a 

25 cross-sectional area of subcutaneous fat 8 and a cross-sectional area of visceral fat 10 in the 
subject 1 according to the voltage measured with the voltmeter 7. The current electrodes 2 
and 3 may be arranged on the back and abdomen of the subject 1, respectively, or on the 
flanks of the subject 1, respectively. To accurately measure a fat quantity, it is preferable 
that they are arranged on the back and abdomen of the subject 1, respectively. The 

30 distance between the current electrode 3 and the measuring electrode 44 is set in a proper 
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range like the distance between the current electrode 2 and the measuring electrode 42 of 
Fig. 24. 

A body fat measuring method will be explained. In the measuring apparatus of 
Fig. 27, the current source 4 passes a current between the current electrodes 2 and 3. The 

5 voltmeter 7 measures a voltage V generated between the measuring electrodes 44 and 45. 
The body fat computing unit 25 uses the voltage V measured with the voltmeter 7, to 
compute the sum m' of a cross-sectional area of the subcutaneous fat 8 and a cross-sectional 
area of the visceral fat 10 in the subject 1. A person having a large total fat quantity (the 
sum of subcutaneous and visceral fat quantities) generally has a large visceral fat quantity. 

1 0 The voltage V, therefore, is usable to compute the cross-sectional area m of the visceral fat 
10 of the subject 1. 

To compute the sum m' of the subcutaneous fat 8 and visceral fat 10, it is necessary 
to prepare a correlation expression to correlate the voltage V with the fat quantity rri. 
Alternatively, it is necessary to prepare a correlation expression to correlate the product of 
15 the voltage Kand a power of a characteristic quantity representing the size of the subject 1, 
for example, V* Wl x W2 9 or V* if with the fat quantity m\ The correlation expression may 
be prepared like the first embodiment. In the correlation expression of the first 
embodiment, L is redefined as the distance between the electrodes 3 and 44. This 
correlation expression makes it possible to compute the fat quantity rri of a sample 
20 according to a voltage V measured on the sample and a characteristic quantity representing 
the size of the sample. 

The third embodiment will be explained. A body fat measuring apparatus of 
the third embodiment is made by adding the body fat measuring apparatus of Fig. 1 to the 
body fat measuring apparatus of Fig. 24. The apparatuses have already been explained in 
* 25 the first embodiment of the third aspect and the first embodiment of the first aspect, and 
therefore, will not be explained again. 

A body fat measuring method will be explained. In the measuring apparatus of 
Fig. 24, the current source 4 passes a current between the current electrodes 2 and 3. The 
voltmeter 7 measures a first voltage V generated between the measuring electrodes 42 and 
30 43. In the measuring apparatus of Fig. 1 , the current source 4 passes a current between the 
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current electrodes 2 and 3. The voltmeter 7 measures a second voltage V generated 
between the measuring electrodes 5 and 1 1 . The body fat computing unit 25 uses the first 
and second voltages Fand V measured with the voltmeters 7, to compute the sum m f of a 
cross-sectional area of the subcutaneous fat 8 and a cross-sectional area of visceral fat 10 in 

5 a subject 1. The first voltage V is corrected by the second voltage V\ to improve the 
computation accuracy of the fat quantity rri. 

To compute the sum m r of the subcutaneous fat 8 and visceral fat 10, it is necessary 
to prepare a correlation expression to correlate the first and second voltages V and V with 
the fat quantity rri. The correlation expression can be approximated by a linear polynomial 

1 0 based on a multivariate analysis. If the quantity m' indicates the ratio (relative value) of the 
sum of the cross-sectional areas of the subcutaneous fat 8 and visceral fat 10 to a total 
cross-sectional area of the subject 1, the expression will be, for example, m' = aO + al >V + 
a2 V + aS LI / U + a4 -L2 /U + a5 -L2' /U + a6 L2 • L2' / U\ where aO to a6 are 
regression coefficients, LI is the distance between the electrodes 2 and 42, or 3 and 43 of 

1 5 Fig. 24, L2 is the distance between the electrodes 2 and 3 of Fig. 1, and L2' is the distance 
between the electrodes 2 and 5 of Fig. 1 . If the quantity rri indicates the sum (absolute 
value) of the cross-sectional areas of the subcutaneous fat 8 and visceral fat 10, the 
expression will be m' = aO + al • V • € + a2 • V • e', or to further improve accuracy, m' = aO 
+ al -V-s + a2 ■ V' z % + (a3 + a4 -Ll/U) -e + (a5 + atf -L2/U + a7 -L2'/U+a8 L2 ■ 

20 L2W if) • s\ where aO to a8 are regression coefficients and 8 and e' are exponential values of 
characteristic quantities representing the size of the subject 1, e.g., the product WLW2 of a 
longitudinal width Wl and lateral width W2 of the subject and the second power U 2 of a 
circumferential length U of the subject. Exponents are not limited to 1 and 2 and are 
determined to optimize the correlation. Once the correlation expression is determined, it is 

25 used to compute the fat quantity rri of a sample according to voltages Fand V measured on 
the sample and characteristic quantities representing the size of the sample. 

According to the body fat measuring apparatus of this embodiment, the current 
electrodes and measuring electrodes of Fig. 1 may be arranged at other locations along a 
circumference of the subject 1. In this case, second voltages are measured like the 

30 measuring method of Fig. 1, and the measured second voltages are used to correct the first 
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voltage K, to further improve measuring accuracy. 

The body fat measuring apparatus of this embodiment may additionally be 
provided with the body fat measuring apparatus of Fig. 7B. The voltmeter 15 of the body 
fat measuring apparatus of Fig. 7B measures a third voltage V\ which is used to precisely 
5 compute the sum m' of the cross-sectional areas of the subcutaneous fat 8 and visceral fat 10 
in the subject 1 . If the quantity m' indicates the sum (absolute value) of the cross-sectional 
areas of the subcutaneous fat 8 and visceral fat 10, a correlation expression to be prepared is, 
for example, m f = aO + a - V • e + a' • V • e' + a" - V" • e M , where aO, a, a\ and a" are 
regression coefficients and e, s', and s" are exponential values of characteristic quantities 

10 representing the size of the subject 1. Alternatively, the body fat measuring apparatus of 
Fig. 24 may additionally be provided with the body fat measuring apparatus of Fig. 7 A 
and/or that of Fig. 7B, to compute the fat quantity rri in a similar manner. Instead of the 
body fat measuring apparatus of Fig. 24, the body fat measuring apparatus of Fig. 27 may be 
employed, to similarly compute the fat quantity rri. 

15 The fourth embodiment will be explained. A body fat measuring apparatus 

according to the fourth embodiment has the same structure as the apparatus of Fig. 8, 
successively supplies currents in a plurality of directions, and computes the sum m' of a 
cross-sectional area of subcutaneous fat 8 and a cross-sectional area of visceral fat 10 in a 
subject 1 . The data input unit 33 enters a correlation expression to correlate a voltage with 

20 a fat quantity m' into the computer 35 in advance. The computer 35 employs the 
correlation expression to find a body fat quantity m\ which is transferred to the data output 
unit 34. The data output unit 34 displays the fat quantity rri. The other parts and 
measurement method of this embodiment are the same as those of the fourth embodiment of 
the first aspect. 

25 The selection and arrangement of current electrodes and measuring electrodes are, 

for example, those shown in Fig. 24, or those shown in Fig. 27. The electrode arrangement 
of Fig. 1, Fig. 7A, or Fig. 7B is also employable. In this case, measured voltages are used 
in the above-mentioned correction operation in each direction, to precisely measure the sum 
m' of the cross-sectional areas of the subcutaneous fat 8 and visceral fat 10. 

30 A body fat measuring apparatus according to the fifth embodiment consists of the 
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measuring apparatus of Fig. 24 and the measuring apparatus of Fig. 28. The body fat 
computing unit 25 uses a first voltage measured with the voltmeter 7 of Fig. 24 and a second 
voltage measured with the voltmeter 7 of Fig. 28, to compute the quantity of subcutaneous 
fat 8 of a subject 1. The measuring apparatus of Fig. 28 has the same structure as the 

5 measuring apparatus of Fig. 6 or Fig. 20. The measuring apparatus of Fig. 24 has already 
been explained in the first embodiment of the third aspect, and therefore, will not be 
explained in detail. The electrodes 2 and 46 may be the same electrode, and the electrodes 
3 and 47 may be the same electrode. Instead of the body fat measuring apparatus of Fig. 
24, any one of the body fat measuring apparatuses of Figs. 25 and 26 is employable. 

1 0 A body fat measuring method will be explained. In the measuring apparatus of 

Fig. 24, the current source 4 passes a current between the first and second current electrodes 

3 and 2, and the voltmeter 7 measures a first voltage generated between the first and second 
measuring electrodes 43 and 42. In the measuring apparatus of Fig. 28, the current source 

4 passes a current between the third and fourth current electrodes 47 and 46, and the 
15 voltmeter 7 measures a second voltage generated between the third and fourth measuring 

electrodes 21 and 22. The body fat computing unit 25 uses the first and second voltages 
measured with the voltmeters 7 to compute the quantity of the subcutaneous fat 8 of the 
subject 1 . The quantity of the subcutaneous fat 8 may be the sum d+d' of the thickness d 
of subcutaneous fat around the electrode 3 and the thickness d f of subcutaneous fat around 

20 the electrode 2, or a cross-sectional area S of the subcutaneous fat at or around a cross 
section where the electrodes are arranged. The first voltage is substantially the sum of a 
voltage drop caused by the subcutaneous fat 8 around the electrodes 3 and 2 and a voltage 
drop caused by the visceral fat 10. The second voltage mainly corresponds to a voltage 
drop caused by the visceral fat 10. Therefore, subtracting the second voltage from the first 

25 voltage precisely provides the sum of the thickness of the subcutaneous fat 8 around the 
electrode 3 and the thickness of the subcutaneous fat 8 around the electrode 2. The 
difference between the first and second voltages may approximately provide a 
cross-sectional area of the subcutaneous fat 8. 

To calculate the sum d+d' of the thickness d of the subcutaneous fat 8 around the 

30 current electrode 3 and the thickness d' of the same around the current electrode 2, a 
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correlation expression to correlate the first and second voltages VI and V2 with the 
subcutaneous fat thickness d+d' is prepared in advance. The correlation expression is 
approximated by a linear polynomial based on a multivariate analysis. If the quantity d+d 3 
is the absolute value of the thickness of the subcutaneous fat 8, the correlation expression is, 
5 for example, d + d' = aO + al -VI el - a2 (V2 ■ U/ L2) - e2 + a3 -el + a4 • (LI / U) • el, 
where #0, a/, a2, aJ, and <z4 are regression coefficients, LI is the distance between the 
electrodes 2 and 42, or 3 and 43, Z,2 is the distance between the electrodes 21 and 22, and el 
and e2 are exponential values of characteristic quantities representing the size of the subject 
1 . For example, they are the first power of a circumferential length U of the subject 1, or a 
10 longitudinal width Wl or lateral width W2 of the subject 1. The exponent is not limited to 
1 and may be determined to optimize the correlation. The electrode-to-electrode distances 
LI and L2 may be changed in proportion to the circumferential length U of the subject 1. 
In this case, the correlation expression will be d + d' = aO + al -VI - el — a2 -V2 - e2 + a3 • 
el. 

15 To compute a cross-sectional area S of the subcutaneous fat 8, a correlation 

expression to correlate the first and second voltages VI and V2 with the cross-sectional area 
S of the subcutaneous fat is prepared in advance. If the quantity S is the absolute value of 
the cross-sectional area of the subcutaneous fat 8, the correlation expression is, for example, 
S = a0 + al -VI el-a2 \V2 - U/L2) -e2 + a3 - el + a4 - (LI / U) • el, where el and e2 

20 are typically the square U 2 of the circumferential length U of the subject 1, or the product 
WLW2 of the longitudinal and lateral widths Wl and W2 across the subject 1. The 
electrode-to-electrode distances LI and L2 may be changed in proportion to the 
circumferential length U of the subject 1. In this case, the correlation expression will be S 
= a0 + al - VI -z\-a2 - V2 e2 + aJ sl. 

25 In Fig. 24, the distance between the first current electrode 3 and the first measuring 

electrode 43 and the distance between the second current electrode 2 and the second 
measuring electrode 42 are set as mentioned in the first embodiment of the third aspect. In 
Fig. 28, it is preferable that the distance between the third measuring electrode 21 and the 
fourth measuring electrode 22 is set like the distance between the electrodes 21 and 22 of 

30 Fig. 1 0 explained in the first embodiment of the second aspect. 
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According to this embodiment, the measuring apparatus of Fig. 28 can be replaced 
with the measuring apparatus of Fig. 10. 

The sixth embodiment will be explained. A body fat measuring apparatus 
according to the sixth embodiment is made by adding the measuring apparatus of Fig. 22A 
5 or Fig. 23 A and the measuring apparatus of Fig. 22B or Fig. 23B to the body fat measuring 
apparatus of the fifth embodiment. It is preferable that the electrodes 36 and 37 of Fig. 
22 A or 23 A are arranged at or adjacent to the electrode 3 of Fig. 24. The electrode 36 or 37 
may be equal to the electrode 3. It is preferable that the electrodes 36' and 37' of Fig. 22B 
or 23B are arranged at or adjacent to the electrode 2 of Fig. 24. The electrode 36' or 37' 

1 0 may be equal to the electrode 2. 

A body fat measuring method will be explained. In Fig. 22 A or 23 A, the 
voltmeter 40 measures a third voltage generated between the measuring electrodes 38 and 
39, or 38 and 41 . In Fig. 22B or 23B, the voltmeter 40 measures a fourth voltage generated 
between the measuring electrodes 38' and 39 1 , or 38' and 41'. The body fat computing unit 

1 5 25 uses first and second voltages measured with the voltmeter 7 and the third and fourth 
voltages measured with the voltmeter 40, to compute the quantity of subcutaneous fat 8 like 
the fifth embodiment. 

The third voltage is mainly caused by a voltage drop due to subcutaneous fat 8 
around the electrodes 36 and 37, i.e., the electrode 3. The fourth voltage is mainly caused 

20 by a voltage drop due to subcutaneous fat 8 around the electrodes 36' and 37', i.e., the 
electrode 2. The third and fourth voltages are combined with the first and second voltages 
of the fifth embodiment, to accurately measure the sum of the thicknesses of the 
subcutaneous fat around the electrodes 3 and 2, or a cross-sectional area of the same. The 
first to fourth voltages may be measured in any order. Any of the voltages may be 

25 measured first. 

To compute the sum d+d' of the thickness d of the subcutaneous fat 8 around the 
current electrode 3 and the thickness d r of the same around the current electrode 2, a 
correlation expression is prepared in advance to correlate the first to fourth voltages VI, V2, 
V3, and V4 with the total thickness d+d\ The correlation expression may be approximated 

30 by a linear polynomial based on a multivariate analysis. If the quantity d+d' is the absolute 
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value of the thickness of the subcutaneous fat 8, the correlation expression is, for example, d 
+ d' = aO + al -VI <zl-a2 >{V2 -U/L2) e2 + a3 • V3 e3 + a4 ■ V4 e4 + (a5 + a6 -LI 
/U) el + {a? -L3/U+a8 -L3'/U+a9 L3 -L3'/U 2 ) -e3 + (alO -L4/U+all -L4'/U 
+ al2 ■ L4 - L4' / if) • s4, where aO to #72 are regression coefficients, LI is the distance 
5 between the electrodes 2 and 42, or 3 and 43, L2 is the distance between the electrodes 21 
and 22, L3 is the distance between the electrodes 36 and 37, L3' is the distance between the 
electrodes 36 and 38, L4 is the distance between the electrodes 36' and 37', L4' is the 
distance between the electrodes 36* and 38', and el to e4 are exponential values of 
characteristic quantities representing the size of the subject 1. For example, they are the 

10 first power of a circumferential length U (first power thereof) of the subject 1 and the first 
power of a longitudinal width Wl or lateral width W2 of the subject 1. The exponent is not 
limited to 1 and is determined to optimize the correlation. The electrode-to-electrode 
distances LI, L2, L3, L3\ L4, and L4' may be changed in proportion to the circumferential 
length U of the subject 1 . In this case, the correlation expression may be d + d' — aO + al ■ 

15 VI el -a2 - V2 €1 + a3 - V3 -e3 + a4 -V4 -e4 + a5 - el. 

To compute a cross-sectional area S of the subcutaneous fat 8, a correlation 
expression to correlate the first to fourth voltages VI to V4 with the cross-sectional area S of 
the subcutaneous fat is prepared in advance. If the quantity S is the absolute value of the 
cross-sectional area of the subcutaneous fat 8, the correlation expression is, for example, S = 

20 aO + al - VI -z\~a2 *(V2 -U/L2) -zl + a3 - V3 -s3 + a4 • V4 -e4 + (a5 + a6 -Ll/U)- 
cl + {al -L3/U+a8 - W 7 U + a9 • L3 -L3'/U 2 ) -e3 + (alO • L4 / U + all • L4' / U + 
a!2 - L4 ■ L4' / U 2 ) - b4, where el to e4 are typically the square U 2 of the circumferential 
length U of the subject 1, or the product WLW2 of the longitudinal width Wl and lateral 
width W2 of the subject 1. The electrode-to-electrode distances Ll 7 L2, L3 } L3\ L4, and 

25 L4' may be changed in proportion to the circumferential length U of the subject 1 . In this 
case, the correlation expression is S = aO + al -VI • el — a2 - V2 * e2 + a3 -V3 - e3 + a4 ♦ 
V4 . S 4 + a 5 • el. 

A body fat measuring apparatus according to the seventh embodiment consists of 
the body fat measuring apparatus of Fig. 27 and the measuring apparatus of Fig. 28. The 
30 body fat computing unit 25 uses a first voltage measured with the voltmeter 7 of Fig. 27 and 
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a second voltage measured with the voltmeter 7 of Fig. 28, to compute the quantity of 
subcutaneous fat 8 of a subject 1. The electrode 2 may be equal to the electrode 46, and 
the electrode 3 may be equal to the electrode 47. 

A body fat measuring method will be explained. In the measuring apparatus of 
5 Fig. 27, the current source 4 passes a current between the first and second current electrodes 
3 and 2, and the voltmeter 7 measures a first voltage generated between the first measuring 
electrode 44 and the second measuring electrode 45. In the measuring apparatus of Fig. 28, 
the current source 4 passes a current between the third and fourth current electrodes 47 and 
46, and the voltmeter 7 measures a second voltage generated between the third and fourth 

1 0 measuring electrodes 21 and 22. The body fat computing unit 25 uses the first and second 
voltages measured with the voltmeters 7 to compute the quantity of the subcutaneous fat 8 
of the subject 1. The quantity of the subcutaneous fat 8 may be the thickness d of the 
subcutaneous fat around the electrode 3, or a cross-sectional area S on or around a cross 
section around which the electrodes are arranged. The first voltage is substantially the sum 

15 of a voltage drop caused by the subcutaneous fat 8 around the electrode 3 and a voltage drop 
caused by the visceral fat 1 0. The second voltage mainly corresponds to a voltage drop 
caused by the visceral fat 10. Therefore, subtracting the second voltage from the first 
voltage precisely provides the thickness of the subcutaneous fat 8 around the electrode 3. 
The difference between the first and second voltages approximately provides a 

20 cross-sectional area of the subcutaneous fat 8. The first and second voltages may be 
measured in optional order. The second voltage may be measured first and then the first 
voltage. 

To calculate the thickness d of the subcutaneous fat 8 around the current electrode 
3 and the cross-sectional area S of the subcutaneous fat 8, a correlation expression is 
25 prepared in advance to correlate the first and second voltages VI and V2 with the fat 
quantity. 

The correlation expression may be made by replacing d+d' of the correlation 
expression of the fifth embodiment with d and by redefining LI as the distance between the 
electrodes 3 and 44. According to the correlation expression and voltages VI and V2 
30 measured on a given sample, the thickness d or cross-sectional area S of subcutaneous fat of 
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the sample is calculable. 

The eighth embodiment will be explained. A body fat measuring apparatus of 
the eighth embodiment is made by adding the measuring apparatus of Fig. 22 A or 23 A to the 
body fat measuring apparatus of the seventh embodiment. It is preferable that the 
5 electrodes 36 and 37 of Figs. 22A and 23A are arranged at or close to the position of the 
electrode 3 of Fig. 27. The electrode 36 or 37 may be equal to the electrode 3. 

A body fat measuring method will be explained. In Fig. 22A or 23A, the 
voltmeter 40 measures a third voltage generated between the measuring electrodes 38 and 
39, or 38 and 41. The body fat computing unit 25 uses first and second voltages measured 
10 with the voltmeter 7 and the third voltage measured with the voltmeter 40, to compute the 
quantity of subcutaneous fat 8 of a subject 1 like the seventh embodiment. 

The third voltage is mainly caused by a voltage drop due to the subcutaneous fat 8 
around the electrodes 36 and 37, i.e., the electrode 3. Combining the third voltage with the 
first and second voltages of the seventh embodiment further accurately measures the 
1 5 thickness of the subcutaneous fat 8 around the electrode 3. Measuring order of the first to 
third voltages is optional. Any one of the voltages may be measured first. 

To compute the thickness d of the subcutaneous fat 8 around the current electrode 
3 or the cross-sectional area S of the subcutaneous fat 8, a correlation expression is prepared 
in advance to correlate the first to third voltages VI to V3 with the fat quantity. 
20 The correlation expression is made, for example, from the correlation expression 

of the sixth embodiment by setting 84 = 0, replacing d+d' with and redefining LI as the 
distance between the electrodes 3 and 44. 

The ninth embodiment will be explained. A body fat measuring apparatus 
according to the ninth embodiment has the same structure as the apparatus of Fig. 8. Like 
25 the fourth embodiment of the first aspect, currents are successively supplied in a plurality of 
directions, and the thickness of subcutaneous fat 8 of a subject 1 is automatically measured 
at different points along a circumference of the subject 1 . 

The electrodes 26a to 26h are selected and arranged like the current electrodes and 
measuring electrodes of Figs. 27 and 28, to measure first and second voltages. A 
30 congelation expression similar to that of the seventh embodiment is prepared, to precisely 
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measure the thicknesses of the subcutaneous fat 8 at different points along the circumference 
of the subject 1 . The electrodes 26a to 26h may be selected and arranged like the current 
electrodes and measuring electrodes of Figs. 27, 28, und 22A (or 23 A), to measure first to 
third voltages. A correlation expression similar to that of the eighth embodiment is 
5 prepared to further precisely measure the thicknesses of the subcutaneous fat 8 at different 
points along a circumference of the subject 1. The thicknesses of the subcutaneous fat 8 
measured at a plurality of points along a circumference of the subject 1 may be combined 
with data related to the contour shape of the subject 1 separately measured, so that the 
computer 35 may roughly provide a tomographic image of the subcutaneous fat 8. 

1 0 The computer 35 may find a cross-sectional area S of the subcutaneous fat 8 of the 

subject 1. In this case, a correlation expression to correlate voltages with the 
cross-sectional area of the subcutaneous fat 8 must be prepared. First voltages Vl^\ 
V2°\ Vn 0) are measured at n points along a given cross section, and second voltages VJ^ 2 \ 
are measured at m points along the same cross section. A correlation 

1 5 expression to correlate these voltages with the cross-sectional area S of the subcutaneous fat 
8 is prepared like the seventh embodiment. 

The tenth embodiment will be explained. A body fat measuring apparatus 
according to the tenth embodiment is made of the measuring apparatus of Fig. 24, the 
measuring apparatus of Fig. 22A or 23 A, and the measuring apparatus of Fig. 22B or 23B. 

20 The voltmeter 7 of Fig. 24 measures a first voltage generated between the measuring 
electrodes 42 and 43. The voltmeter 40 of Fig. 22 A (or 23 A) measures a second voltage 
generated between the measuring electrodes 38 and 39 (or 38 and 41). The voltmeter 40 of 
Fig. 22B (or 23 B) measures a third voltage generated between the measuring electrodes 38' 
and 39' (or 38' and 4T). The body fat computing unit 25 uses the measured first to third 

25 voltages to compute the quantity of visceral fat 10 of a subject 1. It is preferable that the 
electrodes 36 and 37 are arranged at or close to the position of the electrode 3. The 
electrode 36 or 37 may be equal to the electrode 3. It is preferable that the electrodes 36* 
and 37' are arranged at or close to the position of the electrode 2. The electrode 36' or 37' 
may be equal to the electrode 2. Instead of the measuring apparatus of Fig. 24, the 

30 measuring apparatus of Fig. 25 or Fig. 26 may be employed. 
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A body fat measuring method will be explained. The voltmeter 7 of Fig. 24 
measures a first voltage. The voltmeter 40 of Fig. 22A (or 23 A) measures a second voltage. 
The voltmeter 40 of Fig. 22B (or 23B) measures a third voltage. The body fat computing 
unit 25 uses the first to third voltages measured with the voltmeters 7 and 40 to compute the 
5 quantity of the visceral fat 1 0. The first voltage is substantially the sum of a voltage drop 
due to the subcutaneous fat 8 around the electrode 3, a voltage drop due to the visceral fat 10, 
and a voltage drop due to the subcutaneous fat 8 around the electrode 2. The second 
voltage substantially corresponds to a voltage drop due to the subcutaneous fat 8 around the 
electrode 3, and the third voltage substantially corresponds to a voltage drop due to the 

1 0 subcutaneous fat 8 around the electrode 2. As a result, subtracting the second and third 
voltages from the first voltage provides the quantity of the visceral fat 10. The first to third 
voltages may be measured in any order. Any one of the voltages may be measured first. 

To compute the quantity m of the visceral fat 10, a correlation expression is 
prepared in advance to correlate the first to third voltages VI to V3 with the quantity m of the 

1 5 visceral fat. If the quantity m is a relative value such as the ratio of a cross-sectional area of 
the visceral fat 10 to a total cross-sectional area of the subject 1, or the ratio of the same to a 
cross-sectional area of a nonfat part 9 around the visceral fat, the simplest form of the 
correlation expression is, for example, m = aO + al -VI — a2 -V2 - a3 - V3 9 where aO to a3 
are regression coefficients. If it is known beforehand that the thickness of the 

20 subcutaneous fat 8 around the electrode 2 is substantially equal to the thickness of the 
subcutaneous fat 8 around the electrode 3, the measurement of any one of the second and 
third voltages can be omitted. In this case, the correlation expression is, for example, m = 
aO + al - Vl-a2 - V2. 

If the quantity m is an absolute cross-sectional area of the visceral fat 10, the 

25 correlation expression is, for example, m = aO + al -VI • el — a2 • V2 - e2 — a3 • V3 - s3 + 
{a4 + a5 -L1/U) - el + (a6 -L2/U+a7 -L2'/U+a8 -L2 >L2'/lf) - zl + (a9 -L3/U + 
alO - L3V U + all - L3 -L3' 7 if) - 83, where aO to all are regression coefficients, LI is the 
distance between the electrodes 2 and 42, or 3 and 43, L2 is the distance between the 
electrodes 36 and 37, L2' is the distance between the electrodes 36 and 38, L3 is the distance 

30 between the electrodes 36' and 37', Li' is the distance between the electrodes 36' and 38', and 
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si to s3 are the square U 2 of a circumferential length U of the subject 1 or the product 
WhW2 of a longitudinal width Wl and lateral width W2 of the subject 1. The exponents 
are not limited to 1 and 2 and are determined to optimize the correlation. The 
electrode-to-electrode distances LI, L2, L2\ L3, and L3 'may be changed in proportion to the 
5 circumferential length U of the subject 1 . In this case, the correlation expression is m = aO 
+ al - VI -el -a2 V2 -s2-a3 - V3 s3 + a4 -el. 

The apparatus of this embodiment may additionally be provided with an apparatus 
that is substantially equal to that of Fig. 22 or 23 with the electrodes being arranged at other 
positions along a circumference of the subject 1 . In this case, the voltmeter 40 of the added 

10 measuring apparatus measures voltages, which are included in the correlation expression to 
further precisely compute the quantity m of the visceral fat. 

The eleventh embodiment will be explained. A body fat measuring apparatus 
according to the eleventh embodiment is made by adding the measuring apparatus of Fig. 28 
to the measuring apparatus of the tenth embodiment. The voltmeter 7 of Fig. 28 measures 

15 a fourth voltage generated between the measuring electrodes 21 and 22. The body fat 
computing unit 25 uses measured first to fourth voltages, to compute the quantity of visceral 
fat 10 of a subject 1. The electrode 2 may be equal to the electrode 46, and the electrode 3 
may be equal to the electrode 47. The fourth voltage is mainly generated by a voltage drop 
due to the visceral fat 10, and therefore, combining the fourth voltage with the first to third 

20 voltages of the tenth embodiment more precisely measures the quantity of the visceral fat 10. 
The first to fourth voltages may be measured in optional order. Any one of the voltages 
may be measured first, to provide the same effect. 

To compute the quantity m of the visceral fat 10, a correlation expression is 
prepared in advance to correlate the first to fourth voltages VI to V4 with the quantity m of 

25 visceral fat. If the quantity m is a relative value such as the ratio of a cross-sectional area of 
the visceral fat 10 to a total cross-sectional area of the subject 1, or the ratio of the same to a 
cross-sectional area of a nonfat part 9 around the visceral fat, the simplest form of the 
correlation expression is, for example, m = aO + al - VI - a2 • V2 - a3 • V3 + a4 • V4, 
where aO to a4 are regression coefficients. If it is known beforehand that the thickness of 

30 the subcutaneous fat 8 around the electrode 2 is substantially equal to the thickness of the 
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subcutaneous fat 8 around the electrode 3, the measurement of any one of the second and 
third voltages may be omitted. In this case, the correlation expression is, for example, m = 
a() + al VI -a2 -V2 + a4 <V4. 

If the quantity m is an absolute cross-sectional area of the visceral fat 10, the 

5 correlation expression is, for example, the same as that for S of the sixth embodiment. 

The twelfth embodiment will be explained. A body fat measuring apparatus 
according to the twelfth embodiment consists of the measuring apparatus of Fig. 27 and the 
measuring apparatus of Fig. 22A or 23A. The voltmeter 7 of Fig. 27 measures a first 
voltage generated between the measuring electrodes 44 and 45. The voltmeter 40 of Fig. 

10 22 A (or 23 A) measures a second voltage generated between the measuring electrodes 38 
and 39 (or 38 and 41). The body fat computing unit 25 uses the measured first and second 
voltages to compute the quantity of visceral fat 10 of a subject 1. It is preferable that the 
electrodes 36 and 37 are arranged at or close to the position of the electrode 3. The 
electrode 36 or 37 may be equal to the electrode 3. 

15 A body fat measuring method will be explained. The voltmeter 7 of Fig. 27 

measures a first voltage, and the voltmeter 40 of Fig. 22A (or 23A) measures a second 
voltage. Based on the measured first and second voltages, the body fat computing unit 25 
computes the quantity of the visceral fat 1 0. The first voltage is substantially the sum of a 
voltage drop caused by the subcutaneous fat 8 around the electrode 3 and a voltage drop 

20 caused by the visceral fat 10. The second voltage is substantially caused by a voltage drop 
due to the subcutaneous fat 8 around the electrode 3. Accordingly, subtracting the second 
voltage from the first voltage provides the quantity of the visceral fat 10. The first and 
second voltages are measurable in optional order. Any one of the voltages may be 
measured first. 

25 To compute the quantity m of the visceral fat 10, a correlation expression is 

prepared in advance to correlate the first and second voltages VI and V2 with the quantity m 
of visceral fat. If the quantity m is a relative value such as the ratio of a cross-sectional area 
of the visceral fat 1 0 to a total cross-sectional area of the subject 1 , or the ratio of the same to 
a cross-sectional area of a nonfat part 9 around the visceral fat, the simplest form of the 

30 correlation expression is, for example, m = aO + a J -VI — a2 ■ V2, where aO to a2 are 
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regression coefficients. If the quantity w is an absolute cross-sectional area of the visceral 
fat 1 0, the correlation expression is, for example, that of the tenth embodiment in which s3 = 
0 and LI is redefined as the distance between the electrodes 3 and 44. 

The measuring apparatus of this embodiment may be provided with an apparatus 
5 that is substantially the same as that of Fig. 22 or 23 with the electrodes being arranged at 
different positions along a circumference of the subject 1. The voltmeter 40 of the added 
measuring apparatus measures voltages, which are included in the correlation expression, to 
further precisely calculate the quantity m of the visceral fat 1 0. 

The thirteenth embodiment will be explained. A body fat measuring apparatus 

10 according to the thirteenth embodiment is made by adding the measuring apparatus of Fig. 
28 to the measuring apparatus of the twelfth embodiment. The voltmeter 7 of Fig. 28 
measures a third voltage generated between the measuring electrodes 21 and 22. Based on 
measured first to third voltages, the body fat computing unit 25 computes the quantity of 
visceral fat 10 of a subject 1. The electrode 2 may be equal to the electrode 46, and the 

15 electrode 3 may be equal to the electrode 47. The third voltage is mainly caused by a 
voltage drop due to the visceral fat 10. Accordingly, combining the third voltage with the 
first and second voltages of the twelfth embodiment further improves the measuring 
accuracy of the quantity of the visceral fat 10. The first to third voltages may be measured 
in optional order. Any one of the voltages may be measured first. 

20 To compute the quantity m of the visceral fat 10, a correlation expression is 

prepared in advance to correlate the first to third voltages VI to V3 with the quantity m of 
visceral fat. If the quantity m is a relative value such as the ratio of a cross-sectional area of 
the visceral fat 1 0 to a total cross-sectional area of the subject 1 , or the ratio of the same to a 
cross-sectional area of a nonfat part 9 around the visceral fat, the simplest form of the 

25 correlation expression will be, for example, m = aO + al -VI — a2 -V2 + a3 - V3, where aO 
to a3 are regression coefficients. If the quantity m is an absolute cross-sectional area of the 
visceral fat 10, the correlation expression is, for example, that of the sixth embodiment in 
which e4 = 0, S is replaced with m, and LI is redefined as the distance between the 
electrodes 3 and 44. 

30 A fourteenth embodiment will be explained. A body fat measuring apparatus 
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according to the fourteenth embodiment is constituted like that of Fig. 8, successively 
supplies currents in a plurality of directions, and automatically measures a visceral fat 
quantity in a subject 1. The data input unit 33 enters a correlation expression to correlate 
voltages with a visceral fat quantity m into the computer 35 beforehand. The computer 35 
5 employs the correlation expression to find a visceral fat quantity m, which is transferred to 
the data output unit 34. The data output unit 34 displays the quantity m. The other parts 
and measurement method of this embodiment are the same as those of the fourth 
embodiment of the first aspect. 

The electrodes 26a to 26h are successively selected and arranged like the current 

10 electrodes and measuring electrodes of Figs. 27 and 22 A (or 23 A), to measure n first 
voltages Vl {] \ V2°\ Vn (X) and n second voltages VJ {2 \ V2 (2 \ Vn {2 \ Like the twelfth 
embodiment, a correlation expression of m = aO + al (1) - Vl (1) + a2 (1) - V2 (l) + ... + an (]) • 
Vn (!) - al (2) ■ Vl (2) - a2 (2) - V2 (2) — ... - an (2) • Vn (2) is prepared to precisely measure the 
quantity of the visceral fat 10 of the subject 1. It is also possible to successively select and 

15 arrange the electrodes 26a to 26h like the current electrodes and measuring electrodes of 
Figs. 27, 22A (or 23A), and 28 to measure n first voltages Vl°\ V2°\ Vn (1) , n second 
voltages Vl {2 \ V2 {2 \ Vn {2 \ and m third voltages Vl°\ V2 {3 \ Vm (3) . Like the thirteenth 
embodiment, a correlation expression of m = aO + al (}) - Vl (1) + a2 (I) - V2 (}) + ... + an (1) • 
Vn (l) - al (2 > ■ VI™ - a2® • F2« - ... - ow® • Vn< 2) + al (3) ■ Vl (3 > + a2 (3) - V2 (3) + ... + am (3 > ■ 

20 Vm (3) is prepared to precisely measure the quantity of the visceral fat 10. 

Similarly, the electrodes 26a to 26h may successively be selected and arranged like 
the current electrodes and measuring electrodes of Figs. 24, 22A (or 23 A), and 22B (or 23B), 
to measure a plurality of first to third voltages. Based on the measured voltages, a 
correlation expression like that of the tenth embodiment precisely computes the quantity of 

25 the visceral fat 10. Also, the electrodes 26a to 26h may successively be selected and 
arranged like the current electrodes and measuring electrodes of Figs. 24, 28, 22A (or 23 A), 
and 22B (or 23B), to measure a plurality of first to fourth voltages. Based on the measured 
voltages, a correlation expression like that of the eleventh embodiment precisely computes 
the quantity of the visceral fat 10. 

30 According to the first to fourteenth embodiments, measurements may be carried 
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out at a plurality of current frequencies, and the measurements may be compared with one 
another to improve the reliability of the measurements. 

The body fat measuring apparatuses of the first to third aspects may reduce contact 
resistance between the electrodes and a subject, by applying conductive gel or conductive 
5 gel sheets between the electrodes and the subject. The electric impedance of a human 
subject changes within a day. Accordingly, a measured voltage may be corrected 
according to the time of the measurement, to correct an error in a calculated body fat 
quantity due to an hourly variation in the electric impedance of the subject. The stomach 
of a human body changes its state before and after a meal. Accordingly, a measured 

10 voltage may be corrected according to an elapsed time after a meal to the measurement. 
This corrects an error in a computed body fat quantity caused by the meal. 

The body fat measuring apparatuses of the first to third aspects of the present 
invention may be combined to form another apparatus. For example, the body fat 
measuring apparatus of the first embodiment of the third aspect measures the sum of 

15 subcutaneous and visceral fat quantities. From the sum, a visceral fat quantity measured 
with the body fat measuring apparatus of the fourth embodiment of the second aspect is 
subtracted to provide a highly accurate subcutaneous fat quantity. This results in providing 
the ratio (V/S) of the visceral fat quantity to the subcutaneous fat quantity. Alternatively, 
the body fat measuring apparatus of the first embodiment of the third aspect measures the 

20 sum of subcutaneous and visceral fat quantities, and from the sum, a subcutaneous fat 
quantity (a cross-sectional area of subcutaneous fat) measured with the body fat measuring 
apparatus of the fourth embodiment of the first aspect is subtracted, to provide a visceral fat 
quantity. 

There is a medical view that visceral fat causes lifestyle-related illnesses such as 
25 hyperlipemia, diabetes, hypertension, etc. Accordingly, health advice may be displayed on 
the data output unit of the apparatus on the basis of a visceral fat quantity measured with the 
body fat measuring apparatus of the present invention. Based on a subcutaneous fat 
quantity measured with the body fat measuring apparatus of the present invention, cosmetic 
advice may be displayed on the data output unit. The sum of subcutaneous and visceral fat 
30 quantities measured with the body fat measuring apparatus of the present invention may be 



_i >V ] o 111 45 ii; ? <r -a 



, OttiLJ! ill 



48 

correlated with a body fat ratio handled by conventional body fat meters, so that the data 
output unit may display the body fat ratio. 

The present invention is applicable to estimate not only a visceral fat quantity but 
also a liver fat quantity. The apparatus of the present invention is applicable not only to the 
5 body of a subject but also to the thigh or the upper arm of the subject, to measure a 
subcutaneous fat quantity of the part. Objects to which the present invention is applicable 
are not only human bodies but also livestock such as hogs and cows and fish such as tuna. 
The present invention is capable of measuring a subcutaneous fat quantity and an internal fat 
quantity of a given object. 

10 

UTILIZATION IN INDUSTRY 

As explained above, the method of and apparatus for measuring body fat according 
to the present invention are capable of measuring a body fat quantity more easily and 
precisely than the impedance CT method. In particular, the method and apparatus of the 

15 present invention are capable of easily and precisely measuring the thickness, 
cross-sectional area, or volume of a subcutaneous fat of a subject almost without the 
influence of the quantity and distribution of visceral fat in the subject. The method and 
apparatus of the present invention can eliminate the remaining influence of the quantities 
and distributions of other media including the visceral fat in the subject and further precisely 

20 measure the thickness, cross-sectional area, or volume of the subcutaneous fat of the subject. 
The method and apparatus of the present invention are also capable of easily and precisely 
measuring a visceral fat quantity of the subject almost without the influence of the quantity 
and distribution of the subcutaneous fat of the subject. The present invention is capable of 
eliminating the remaining influence of the quantity and distribution of the subcutaneous fat 

25 of the subject and further precisely measuring the visceral fat quantity of the subject. The 
body fat measuring apparatus according to the present invention is particularly effective as a 
body fat meter. 
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CLAIMS 

1 . A body fat measuring method comprising: 

a step of passing a current between two current electrodes arranged on a 
5 circumference of a subject, a distance between the electrodes being sufficiently shorter than 
a circumferential length of the subject; 

a step of measuring a first voltage generated between a first measuring electrode 
arranged adjacent to one of the two current electrodes and a second measuring electrode 
arranged substantially opposite to the two current electrodes across the subject; and 
1 0 a step of computing a subcutaneous fat quantity of the subject according to the first 

voltage. 

2. The body fat measuring method of claim 1 , including: 

a step of measuring a second voltage generated when a current is passed in a 
1 5 direction substantially crossing the subject; and 

a step of correcting the first voltage according to the second voltage and computing 
a subcutaneous fat quantity of the subject according to the corrected first voltage. 

3 . A body fat measuring method comprising: 

20 a step of passing a current between two current electrodes arranged on a 

circumference of a subject, a distance between the electrodes being sufficiently shorter than 
a circumferential length of the subject; 

a step of measuring a first voltage generated between two measuring electrodes 
that are each arranged adjacent to the two current electrodes; 
25 a step of measuring a second voltage generated when a current is passed in a 

direction substantially crossing the subject; and 

a step of correcting the first voltage according to the second voltage and computing 
a subcutaneous fat quantity of the subject according to the corrected first voltage. 

30 4. A body fat measuring method comprising: 
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a step of passing a current between two current electrodes arranged on a 
circumference of a subject substantially opposite to each other across the subject; 

a step of measuring a spatial potential gradient occurring on the circumference of 
the subject substantially at an intermediate position between the two current electrodes; and 
5 a step of computing a fat quantity of the subject according to the spatial potential 

gradient. 

5. The body fat measuring method of claim 4, including: 

a step of measuring a first voltage generated between two measuring electrodes 
1 0 arranged substantially at an intermediate position between the two current electrodes on the 
circumference of the subject, the distance between the measuring electrodes being 
sufficiently shorter than a circumferential length of the subject, and finding the spatial 
potential gradient accordingly. 

1 5 6. The body fat measuring method of any one of claims 4 and 5, including: 

a step of measuring a second voltage generated when a current is passed between 
two current electrodes arranged on the circumference of the subject, the distance between 
the two current electrodes being sufficiently shorter than a circumferential length of the 
subject; and 

20 a step of correcting the spatial potential gradient according to the second voltage 

and computing a fat quantity of the subject according to the corrected spatial potential 
gradient. 

7. The body fat measuring method of any one of claims 4 and 5, wherein the fat 
25 quantity is a visceral fat quantity. 

8. The body fat measuring method of claim 6, wherein the fat quantity is a 
visceral fat quantity. 

30 9. A body fat measuring method comprising: 
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a step of passing a current between two current electrodes arranged on a 
circumference of a subject substantially opposite to each other across the subject; 

a step of measuring a voltage generated between two measuring electrodes that are 
each arranged adjacent to the two current electrodes; and 
5 a step of computing, according to the voltage, the ratio of a cross-sectional area of 

body fat of the subject on or near a cross section around which the electrodes are arranged to 
a cross-sectional area of the subject. 

10. A body fat measuring method comprising: 
10 a step of passing a current between two current electrodes arranged on a 

circumference of a subject substantially opposite to each other across the subject; 

a step of measuring a voltage generated between a measuring electrode arranged 
adjacent to one of the two current electrodes and a measuring electrode arranged on the 
circumference of the subject substantially at an intermediate position between the two 
1 5 current electrodes; and 

a step of computing, according to the voltage, the ratio of a cross-sectional area of 
body fat of the subject on or near a cross section around which the electrodes are arranged to 
a cross-sectional area of the subject. 

20 1 1 . The body fat measuring method of any one of claims 9 and 10, wherein the 

cross-sectional area of the body fat is the sum of cross-sectional areas of subcutaneous fat 
and visceral fat. 

12. A body fat measuring method comprising: 
25 a step of passing a current between two current electrodes arranged on a 

circumference of a subject substantially opposite to each other across the subject; 

a step of measuring a voltage generated between two measuring electrodes that are 
each arranged adjacent to the two current electrodes; and 

a step of multiplying the voltage by a power of a characteristic quantity 
30 representing the size of the subject, and according to the product, computing a fat quantity of 
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the subject. 

13. A body fat measuring method comprising: 

a step of passing a current between two current electrodes arranged on a 
5 circumference of a subject substantially opposite to each other across the subject; 

a step of measuring a voltage generated between a measuring electrode arranged 
adjacent to one of the two current electrodes and a measuring electrode arranged on the 
circumference of the subject substantially at an intermediate position between the two 
current electrodes; and 

10 a step of multiplying the voltage by a power of a characteristic quantity 

representing the size of the subject, and according to the product, computing a fat quantity of 
the subject. 

14. The body fat measuring method according to any one of claims 12 and 13, 
1 5 wherein the fat quantity is the sum of subcutaneous and visceral fat quantities. 

15. The body fat measuring method according to any one of claims 12 and 13, 
wherein the characteristic quantity representing the size of the subject is a width or 
circumferential length of the subject. 

20 

16. The body fat measuring method according to claim 14, wherein the 
characteristic quantity representing the size of the subject is a width or circumferential 
length of the subject. 

25 1 7. A body fat measuring method comprising: 

a step of passing a current between first and second current electrodes arranged on 
a circumference of a subject substantially opposite to each other across the subject, 
measuring a first voltage generated between first and second measuring electrodes that are 
arranged adjacent to the first and second current electrodes, respectively, passing a current 

30 between third and fourth current electrodes arranged on the circumference of the subject 
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substantially opposite to each other across the subject, and measuring a spatial potential 
gradient occurring on the circumference of the subject substantially at an intermediate 
position between the third and fourth current electrodes; and 

a step of computing a subcutaneous fat quantity of the subject according to the first 
voltage and spatial potential gradient. 

1 8. A body fat measuring method comprising: 

a step of passing a current between first and second current electrodes arranged on 
a circumference of a subject substantially opposite to each other across the subject, 
measuring a first voltage generated between a first measuring electrode arranged adjacent to 
the first current electrode and a second measuring electrode arranged on the circumference 
of the subject substantially at an intermediate position between the first and second current 
electrodes, passing a current between third and fourth current electrodes arranged on the 
circumference of the subject substantially opposite to each other across the subject, and 
measuring a spatial potential gradient occurring on the circumference of the subject 
substantially at an intermediate position between the third and fourth current electrodes; and 

a step of computing a subcutaneous fat quantity of the subject according to the first 
voltage and spatial potential gradient. 

19. A body fat measuring method comprising: 

a step of passing a current between first and second current electrodes arranged on 
a circumference of a subject substantially opposite to each other across the subject, 
measuring a first voltage generated between first and second measuring electrodes that are 
arranged adjacent to the first and second current electrodes, respectively, and measuring a 
second voltage generated when a current is passed between third and fourth current 
electrodes arranged on the circumference of the subject, a distance between the third and 
fourth current electrodes being sufficiently shorter than a circumferential length of the 
subject; and 

a step of computing a visceral fat quantity of the subject according to the first and 
second voltages. 



54 

20. A body fat measuring method comprising: 

a step of passing a current between first and second current electrodes arranged on 
a circumference of a subject substantially opposite to each other across the subject, 
5 measuring a first voltage generated between a first measuring electrode arranged adjacent to 
the first current electrode and a second measuring electrode arranged on the circumference 
of the subject substantially at an intermediate position between the first and second current 
electrodes, and measuring a second voltage generated when a current is passed between 
third and fourth current electrodes arranged on the circumference of the subject, a distance 
10 between the third and fourth current electrodes being sufficiently shorter than a 
circumferential length of the subject; and 

a step of computing a visceral fat quantity of the subject according to the first and 
second voltages. 

15 21. The body fat measuring method according to any one of claims 19 and 20, 

wherein the third and fourth current electrodes are arranged at or around the position of the 
first or second current electrode. 

22. A body fat measuring apparatus comprising: 
20 two current electrodes arranged on a circumference of a subject, a distance 

between the electrodes being sufficiently shorter than a circumferential length of the subject; 

a first measuring electrode arranged adjacent to one of the two current electrodes 
and a second measuring electrode arranged substantially opposite to the two current 
electrodes across the subject; 
25 measuring means to pass a current between the two current electrodes and measure 

a first voltage generated between the first and second measuring electrodes; and 

body fat computing means to calculate a subcutaneous fat quantity of the subject 
according to the first voltage measured with the measuring means. 

30 .23. A body fat measuring apparatus comprising: 
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two current electrodes arranged on a circumference of a subject, a distance 
between the electrodes being sufficiently shorter than a circumferential length of the subject; 

two measuring electrodes that are each arranged adjacent to the two current 
electrodes; 

5 measuring means to pass a current between the two current electrodes, measure a 

first voltage generated between the measuring electrodes, and measure a second voltage 
generated when a current is passed in a direction substantially crossing the subject; and 

body fat computing means to correct the first voltage according to the second 
voltage measured with the measuring means and compute a subcutaneous fat quantity of the 
10 subject according to the corrected first voltage. 

24. A body fat measuring apparatus comprising: 

two current electrodes arranged on a circumference of a subject substantially 
opposite to each other across the subject; 
1 5 measuring means to pass a current between the two current electrodes and measure 

a spatial potential gradient occurring on the circumference of the subject substantially at an 
intermediate position between the two current electrodes; and 

body fat computing means to compute a fat quantity of the subject according to the 
spatial potential gradient measured with the measuring means. 

20 

25. A body fat measuring apparatus comprising: 

two current electrodes arranged on a circumference of a subject substantially 
opposite to each other across the subject; 

two measuring electrodes that are each arranged adjacent to the two current 
25 electrodes; 

measuring means to pass a current between the two current electrodes and measure 
a voltage generated between the measuring electrodes; and 

body fat computing means to compute, according to the voltage measured with the 
measuring means, the ratio of a cross-sectional area of body fat of the subject on or near a 
30 cross section around which the electrodes are arranged to a cross-sectional area of the 
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subject. 

26. A body fat measuring apparatus comprising: 

two current electrodes arranged on a circumference of a subject substantially 
opposite to each other across the subject; 

a measuring electrode arranged adjacent to one of the two current electrodes and a 
measuring electrode arranged on the circumference of the subject substantially at an 
intermediate position between the two current electrodes; 

measuring means to pass a current between the two current electrodes and measure 
a voltage generated between the measuring electrodes; and 

body fat computing means to compute, according to the voltage measured with the 
measuring means, the ratio of a cross-sectional area of body fat of the subject on or near a 
cross section around which the electrodes are arranged to a cross-sectional area of the 
subject. 

27. A body fat measuring apparatus comprising: 

two current electrodes arranged on a circumference of a subject substantially 
opposite to each other across the subject; 

two measuring electrodes that are each arranged adjacent to the two current 
electrodes; 

measuring means to pass a current between the two current electrodes and measure 
a voltage generated between the measuring electrodes; and 

body fat computing means to multiply the voltage measured with the measuring 
means by a power of a characteristic quantity representing the size of the subject, and 
according to the product, compute a fat quantity of the subject. 

28. A body fat measuring apparatus comprising: 

two current electrodes arranged on a circumference of a subject substantially 
opposite to each other across the subject; 

a measuring electrode arranged adjacent to one of the two current electrodes and a 
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measuring electrode arranged on the circumference of the subject substantially at an 
intermediate position between the two current electrodes; 

measuring means to pass a current between the two current electrodes and measure 
a voltage generated between the measuring electrodes; and 
5 body fat computing means to multiply the voltage measured with the measuring 

means by a power of a characteristic quantity representing the size of the subject, and 
according to the product, compute a fat quantity of the subject. 

29. A body fat measuring apparatus comprising: 
10 first and second current electrodes arranged on a circumference of a subject 

substantially opposite to each other across the subject; 

third and fourth current electrodes arranged on the circumference of the subject 
substantially opposite to each other across the subject; 

first and second measuring electrodes arranged adjacent to the first and second 
1 5 current electrodes, respectively; 

measuring means to pass a current between the first and second current electrodes, 
measure a first voltage generated between the first and second measuring electrodes, pass a 
current between the third and fourth current electrodes, and measure a spatial potential 
gradient occurring substantially at an intermediate position between the third and fourth 
20 current electrodes; and 

body fat computing means to compute a subcutaneous fat quantity of the subject 
according to the first voltage and spatial potential gradient measured with the measuring 
means. 

25 30. A body fat measuring apparatus comprising: 

first and second current electrodes arranged on a circumference of a subject 
substantially opposite to each other across the subject; 

third and fourth current electrodes arranged on the circumference of the subject 
substantially opposite to each other across the subject; 
30 a first measuring electrode arranged adjacent to the first current electrode and a 
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second measuring electrode arranged on the circumference of the subject substantially at an 
intermediate position between the first and second current electrodes; 

measuring means to pass a current between the first and second current electrodes, 
measure a first voltage generated between the first and second measuring electrodes, pass a 
5 current between the third and fourth current electrodes, and measure a spatial potential 
gradient occurring substantially at an intermediate position between the third and fourth 
current electrodes; and 

body fat computing means to compute a subcutaneous fat quantity of the subject 
according to the first voltage and spatial potential gradient measured with the measuring 
10 means, 

3 1 . A body fat measuring apparatus comprising: 

first and second current electrodes arranged on a circumference of a subject 
substantially opposite to each other across the subject; 
1 5 third and fourth current electrodes arranged on the circumference of the subject, a 

distance between the third and fourth current electrodes being sufficiently shorter than a 
circumferential length of the subject; 

first and second measuring electrodes arranged adjacent to the first and second 
current electrodes, respectively; 
20 measuring means to pass a current between the first and second current electrodes, 

measure a first voltage generated between the first and second measuring electrodes, and 
measure a second voltage generated when a current is passed between the third and fourth 
current electrodes; and 

body fat computing means to compute a visceral fat quantity of the subject 
25 according to the first and second voltages measured with the measuring means. 



32. A body fat measuring apparatus comprising: 

first and second current electrodes arranged on a circumference of a subject 
substantially opposite to each other across the subject; 
30 third and fourth current electrodes arranged on the circumference of the subject, a 
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distance between the third and fourth current electrodes being sufficiently shorter than a 
circumferential length of the subject; 

a first measuring electrode arranged adjacent to the first current electrode and a 
second measuring electrode arranged on the circumference of the subject substantially at an 
intermediate position between the first and second current electrodes; 

measuring means to pass a current between the first and second current electrodes, 
measui-e a first voltage generated between the first and second measuring electrodes, and 
measure a second voltage generated when a current is passed between the third and fourth 
current electrodes; and 

body fat computing means to compute a visceral fat quantity of the subject 
according to the first and second voltages measured with the measuring means. 
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ABSTRACT 

Two current electrodes 2 and 3 are arranged on a circumference of a subject 1, a 
distance between the two current electrodes being sufficiently shorter than a circumferential 
5 length of the subject 1. A current source 4 passes a current between the two current 
electrodes. A measuring electrode 5 is arranged adjacent to one of the two current 
electrodes 2 and 3. A measuring electrode 11 is arranged substantially opposite to the two 
current electrodes 2 and 3 across the subject 1. A voltmeter 7 measures a voltage 
generated between the measuring electrodes 5 and 11. A body fat computing unit 25 
10 computes the quantity of subcutaneous fat 8 of the subject 1 according to the voltage 
measured with the voltmeter 7. 



ET AJU i703) 413-3000 
DOCKET 




DOCKET * 




FIG.3 



V8 

VOLTAGE 
V 

V9 





d=f(v>~ * x x 
^ x 



o 

THICKNESS OF SUBCUTANEOUS FAT d 



2/18 



-ini ON ETAL (703) 413-3000 .V 



FIG.4 



VOLTAGE 

V 



SMALL ELECTRODE DISTANCE 




LARGE ELECTRODE 
DISTANCE 








-r^n 





0 



MEASURABLE RANGE WITH 
SMALL ELECTRODE DISTANCE 



THICKNESS OF 
SUBCUTANEOUS FAT 
d 



MEASURABLE RANGE WITH 
LARGE ELECTRODE DISTANCE 



3/18 



OBLON ET AL (703) 413-3000 

DOCKET SHEETiL-OFlT 





n o n a m fi 9 m \ iffifiQ 0 9 7 

OBLON ET AL (703) 413-3000 
DOCKET #J 



AL (703) 413-3000 ^ . ^ 



FIG.7A 




UNIT 



FIG.7B 




OBLONETAH703) 413-3000 ^ 
DOCKET % 2&<&. %£» *jSEtJS-°F±6 




6/18 



.1 O U M-s-1 0 M >•' ., !!„)! a is ii :•! iij «-:: 

10/089097 



OBLON ET AL (703) 413-3000 

DOCKET #a3d^fU5 SHEET J7_ OF / ^ 



FIG.9 




DATA INPUT 
UNIT 



7/18 



i. is ii njrii! ytn <o u o :!;. u r 



/ 



OBLON ET AL (703) 413-3000 

DOCKET #-2£ii^^SHEET JT OF_l£ 

FIG. 11 




BODY FAT 
COMPUTING 
UNIT 



33 

_2_ 



DATA INPUT 
UNIT 



FIG. 12 



25 



BODY FAT 
COMPUTING 

UNIT 

1 



33 

S 



DATA INPUT 
UNIT 




8/18 



097 



+ 



POTENTIAL 



t 

22' 



OBLONETAL (703) 413-3000 /o^ 
DOCKET # aaiMl^SHEET±L0Fj^ 



SPATIAL POTENTIAL 
GRADIENT £ 



0 



FIG. 13 




t 

3 



f t 
22 21 



t 
2 



ELECTRODE POSITION 



FIG. 14 



m«f ( £ ) 



----- ^ 
x > * 



VISCERAL FAT QUANTITY m 



t 

21' 



9/78 



.1 m'!ie c; PO" L : ; ii 



1070 8f 0 9 



OBLON ET AL (703) 413-3000 

DOCKET i tl^&AH Vl SHEE T \C> O F 



FIG. 15 



Wl 10 



W2 























— -——J 


r .' 




70/75 



,1 lilil jlH^HiUiSii OHO 11 Oi? 

10/089097 



FIG. 17 




FIG. 18 




X 1 X 2 



u u 



X 3 

u 



X4 
U 



NORMALIZED 
DISTANCE 

%/U 



10/0890 



OBLON ET AL (703) 413-3000 

docket #35klC^^ U&sheetJLS^oO^ 



FIG. 19 



25 

S 



BODY FAT 

COMPUTING 

UNIT 



33 

S 



DATA-INEUT 
UNIT 




FIG.20 



25 



BODY FAT 

COMPUTING 

UNIT 



DATA INPUT 
UNIT 



^33 




few 

>— 1 on 
U 



12/18 



10/089097 



OBLONETAL (703) 413-3000 

DOCKET ft ^U^US SHEET »?>Or J? 



FIG.21A 



25 



BODY FAT 

COMPUTING 

UNIT 



10 2 




CURRENT 
SOURCE 

77"^ 



FIG.21B 



CURRENT 
SOURCE 




BODY FAT 
COMPUTING 
UNIT 



13/18 



;? I *$'t B ;|: ~p O V" mix 



10/089097 



FIG.22A 




-40" 





BODY—FAT 






COMPUTING 
UNIT 







BODY FAT 
COMPUTING 
UNIT 




14/18 



OBLON ET AL (703) 413-3000 
DOCKET # 



FIG.23A 




BODY FAT 
COMPUTING 
UNIT 



X 



25 



FIG.23B 




BODY FAT 

COMPUTING 

UNIT 



25 



15/18 



OBLON ET AL (703) 413-3000 
DOCKET # aai^i^SHEET_lto0Fn& 





7(5/75 



OBLON ET AL (703) 413-3000 

socket *2£\<?°l H(Jbz^ T jr7ja V jK 

FIG.26 




UNIT 

s 

25 



17/18 




18/18 



Declaration and Power of Attorney For Patent Application 
Japanese Language Declaration 



*»<D*^) -C**fc« b-CC^fo 



As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated 
next to my name. 

I believe I am the original, first and sole inventor (if only one 
name is listed below) or an original, first and joint inventor (if 
plural names are listed below) of the subject matter which is 
claimed and for which a patent is sought on the invention 
entitled. 

BODY FAT MEASIJRTNG METHOD AND 

— DEVICE THEREFOR 



mmirzm&) CsTIE£*l*LA:o 



the specification of which 
□ is attached hereto. , 

0 was filed on 5 / O ctober /2000 

as United States Application Number or 

PCT International Application Number 
PCT/jPOO/06949 and was amended on 
(if applicable). 

1 hereby state that I have reviewed and understand the 
contents of the above identified specification, including the 
claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose information which is material 
to patentability as defined in Title 37, Code of Federal 
Regulations, Section 1 .56. 



Pagel of 4 

8/97 



Japanese Language Declaration 

(B#§§m1!ii) 



fttt. *Hi£**35jB119* (a) - (d) ax (3:365* (b) St: 
£#fFllS;*J*&}365 (a) fflC»^<HKtHJR. Xtt*H-C©W 
^5Si-S hi: fete. ^ffillOffiKffiK 



Prior Foreign Application^) 

P1 1 -294431 
(Number) 
HHt) 
P2000-001917 
(Number) 
(#^) 
P2000-001921 



Japan 



(Country) 

<H«) 



Ja pan 



(Country) 

(H«) 
Japan 



fctt.^35»*Bi£A119* (e) ®JcSoH*T TIE <0*[14f ff 



(Application No.) 



(Filing Date) 

-({M@-)- 



PCT/JP00/06949 
(Application No.) 



5/Qctober/2000 
(Filing Date) 

(tBBH) 



(Application No.) 



(Filing Date) 



fete, feamto^i«cs^i^*mwS*-cfc* s fT*5 
< &mfr±xm^x*$>& tmt~ci*z zt* z &icsau 



I hereby claim foreign priority under Title 35, United States Code, 
Section 1 1 9 (a)-(d) or 365(b) of any foreign application (s) for patent 
or inventor's certificate, or Section 365(a) of any PCT International 
application which designated at least one country other than the 
United States, listed below and have also identified below, by 
checking the box, any foreign application for patent or inventor's 
certificate, or PCT International application having a filing date 
before that of the application on which priority is claimed. 

Priority Claimed 

_ IE □ 



15 / O c1-.obRr /199 9 

(Day/Month/Year Filed) 

7/January/2000 

(Day/Month/Year Filed) 

7/january/2000 

I hereby claim the benefit under Title 35",United States Code, 
Section 1 1 9(e) of any United States provisional application (s) listed 
below. 



Yes 

0 
Yes 
til* 



No 

□ 
No 



Ye; 



es 



(Application No.) 



(Filing Date) 

— (-HMH-)— 



I hereby claim the benefit under Title 35, United States Code, Section 
120 of any United States application(s), or Section 365(c) of any PCT 
International application designating the United States, listed below 
and, insofar as the subject matter of each of the claims of this 
application is not disclosed in the prior United States or PCT 
International application in the manner provided by the first paragraph 
of Title 35, United States Code Section 112, I acknowledge the duty 
to disclose information which is material to patentability as defined in 
Title 37, Code of Federal Regulations, Section 1 .56 which became 
available between the filing date of the prior application and the 
national or PCT International filing date of application. 



(Status: Patented, Pending, Abandoned) 
(Status: Patented, Pending, Abandoned) 



fctift-h % I hereby declare that all statements made herein of my own 
cH-^ knowledge are true and that all statements made on information 
c & £ and belief are believed to be true; and further that these statements 
ilOOl were made with the knowledge that willful false statements and the 
^ £ ti like so made are punishable by fine or imprisonment, or both, under 
x.{£\ Section 1001 of Title 18 of the United States Code and that such 
: t ft willful false statements may jeopardize the validity of the application 

or any patent issued thereon. 
Page 2 of 4 

8/97 



r 



Japanese Language Declaration 



POWER OF ATTORNEY: As a named inventor, I hereby appoint 
the following attorney(s) and/or agent(s) to prosecute this 
application and transact all business in the Patent and Trademark 
Office connected therewith: (list name and registration number) 



111 

022850 



Send Correspondence to: 



022850 



Direct Telephone Calls to: (name and telephone number) 
(703) 413-3000 




_Eull.name_of_sole_or_first joint inventor_ 
liro ONDA 



Inventor's signature 



Apri 



Date 
1 15 , 2 QQ2 



Residence 

Jflpchigi,^ Japan 



mm 



Citizenship 
Japan 



Post Office Address 

c/o Tochigi Research Laboratories , Kao 



Corporation, 2606, Akabane, Ichikai-machi, 
Haga-gun , Tochigi, Japan 




Full name of second joint inventor, if any 



Second joint Inventor's signature Date 

A7tL$«£/ April 15, 2002 



Residence 

•5Vs>ky© ? - J apan 



Citizenship 

Japan 



Post Office Address 

c/o Tokyo Research laboratories, Kao 



Corporation, 1-3, Bunka 2-chome, Sumida-ku, 
Tokyo, Japan 



(Supply similar information and signature for third and subsequent 
joint inventors.) 
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••; ;L^Li.i : -i: e ~£ % r-vr;-"' ... oo; ill :i 



Japanese Language Declaration 



- v i'* / \ i _/ cj s j tn v i — i 


null llctlllc; KJl LI III (J JUIIH HIVclHvJi, II ally 




Third joint Inventor's signature Date 

A^wr MaA\ Apr-i 1 1 S f 9009 


mm \v 

/I 


Residence C\ \ 
ntezhigis- Japan 


HIS / 


Citizenship ^ 
Japan 




Post Office Address 
c/o Tochigi Research laboratories, Kao 




Corporation, 2606, Akabane, Ichikai-machi, 
Haga-gun, Tochigi, Japan 



Full name of fourth joint inventor, if any 




Fourth joint Inventor's signature 

"firm Yftwmriu 

Residence v - 

'JCofeliiLaiU, Japaft 



Date 

April ii, ?nn? 



Citizenship 
Japan 



Post Office Address 
c/o Tochigi Research Laboratories, Kao 



Corporation, 2606, Akabane, Ichikai-machi , 
Haga-gun, Tochigi, Japan 





Full name of fifth joint inventor, if any 
Mi tpnhi ro KOTAgHTMA 






Fifth joint Inventor's signature Date 

Mi-kwhi^ KafaS/iimA April 15, 2002 I 






J^itp^ Japan 




Citizenship 
Japan 






Post Office Address 
c/o Tochiqi Research Laboratories, Kao 




Corporation, 2606, Akabane, Ichikai-machi, 
Haga-gun, Tochigi, Japan 





Full name of sixthjoint inventor, if any 






Sixth joint Inventor's signature Date 

7to.v»t£/ /&/h^ April 15, 2002 




Residence f\ \ 
Tochigi, Japan "^^^ 




Citizenship — ' 
Japan 




Post Office Address 
c/o Tochigi Research Laboratories, Kao 




Corporation, 2606, Akabane, Ichikai-machi, 
Haga-gun, Tochigi, Japan 



S^cttfl^tJIfltTSi to ) 



(Supply similar information and signature for third and sub- 
sequent joint inventors.) 
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